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ABSTRACT: 

PROBLEM TO BE SOLVED: To provide an apparatus and a process for lining an 
Inner surface and all other Inner surfaces of plastlcatlng barrels. 

SOLUTION: The cladding operation uses a laser head that carries out a spiral 
welding operation to create a smoother lining than is capable with conventional 
welding techniques. A number of different techniques can be used, including 
the user of feeding laser energy at one end of a tube to be reflected from 
laser aiming optical inserted through a second end of the tube. Unidirectional 
welding can be used to facilitate gravity as a smoothing agent. In another 
embodiment omnidirectional welding can be carried out using a shaped mirror and 
a donut-shaped laser pattern . The cladding operation can be simplified by 
balcing a coating of the welding matrix and anti-abrasive material onto the 
interior of the surface to be clad prior to the welding operation. 
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1t<^>@iiS3 3«(CS«0:M 

±*|tDj8«*«fi«ri>*t*Ci:*1tai:-r*, 

J: 0 (CSM^MilSmm^ y F^^ 

zt^mit^h. ii^(^»iiss36«(css03igs. 

««K»^-y F*M8fcEWcf«wkl&1«at-r*. WSi 

[13^3 9] Wi:miV~^mmi9^v^<r)mk 
20 k. Bia^-^«ra»r«l^U-ifl»*^vFa 

izkinmk-r^. m^ntamAomziBam 

(Ti B2)if>^aiizkimiki-i, mff)mm4 
4igicstt<om 

(aHi«4 6] mii^'SimThizkimtki- 
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t5i:-r&. at:«(r>SaS48:Sic£S(D:^. 

a) Martat»^Ti^i6^^.Wt:A^->^fflSf- 
iXo tzu-<mmii¥^ y H ^S»f * C: t Jt 9- 

^k-r«, i)$O«ES9?2>aicStt<0:l!>^. 

(T i B2 )«>^i££ck»^k^&. mirmms 
4«(cee(0j&a;. 

&^kf-«akf«. a««o»iiS55]a(cs«(9» 

(f!}$ia38] (a)mi&fn;m<OStt:&tX(b}H 
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i^z t imLt-Th. a^ofiHsis 9«(zstt<o 

til*Ji6 1 J <a)«iiMkR«teJt5 'J-*»A-r* 

AS^: <b);lckS^S^Na2 Si3 • 5H 
2 0:aV(c)TiB2HWItt*m. *»4»«iik* 
20 ^k-ri.8B:»<DeiiiB862«lcS»<om 

[i9IK)I64] ]»D«8S<09£gRMiC200* k60 

izii*)9mmz. 04 0>fyf^9$(MSIi«^k 

i&i$akt-£. §irt<DSBni64«(ciEsa0!)^. 

[000 1 ] mmm^t^t/m. Wa. y^xtt^ 
imsrrnnh^m^ixh. Miif^c^yA-ftsv^w 

[00021 (mas)#aM2Uf f'jL-:rmis«(« 

ia. :/Affai{S)»^<k(>2 0iilSO«>i»«>4>ffifli 

[0003] ^«ii^«iiS9ia«)Pi:firk «» . itmt^mt 

fcJ:oT*^W»»Cffl*AiX.^iiTV>&. P l a s t i 
eating Components Technolo 
SO sy. 19974^. <9»&0Si pre x«>8B«:fSSS 
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m^muiwmmmAV/xm«i^9^ [0009] ensss^-cii, m^^^tost^mm. 
hra^xThh. zoTa^xtza. miT^fiwi X -yxmttmfii. mrnmizt r,x£sit iti^n 



8&diL&. tlMSt^^'T t-^i. mSft&xOjUUe^ {00101 flBSj^-Cjtr&a;^ v^U/l^CJ: r> 

«f®o-cs«8i=s:±BRfl:«siittt?**ii«»*i«i kfc ffjm.ri'Xtci oTif^rd .r fc 3&ta5*=5:v». mmmm 

A^sxii7^ i^wmimittn^. m^^u/i' ( 0 0 1 1 ] 7^ ='yyjmimf>xmi^aivt/<mb 

Mif»»Stl4. JWJbWMj^t, ZW^UAmff)tt UT««WB£*. i^ikfeioTs flKaWSTtT 

±*«»)^k=fl:6J:dfc:^-vttJ:»f. JgQE-E- Ltatt W)S®tt*»fiTt-i. Sit, ««<o«tm*^'v»rf 

•mi^v^maf^^\'*ztifiih\,\ tmh, warfofumzx-yxfrnn^^-f^^w. 

100 061 zff>mt^i^t«o9:i^i>i> . awi^tR«fl3H^^36*v h y -r ^'x$m(7>f ^-f: 

Bi«jjsffl«^7^ -y^^LatTtftfcffiSBwt^irao^ [00121 as*«K^¥* t . xt«ffiE^r«a-c<^ 

xi>*). mstfiif^ii'umvhi. n^ar. JiP^.^d$tm*>^»«t&i&^ft«i t i&s 

c 0 0 0 7 J 4fc, mmmrxusx-oi. ^-a—tt mi, z<f>mtti. /<wHfe«swiwas*5r<*« 

aKr»iW-&Ct<^-CA*. ZOZbizX-yX, miLXiBmTyXf-yiHSm^^iJkV/XH/^U 

nt U"Cttfflas*«:V\ C 0 0 1 3 1 ^n'/l^? JH^**<»Sf-»fc*tt 

[00081 ^itm*,mtmi. mmmM/SL a. x^-^iss^ii^^-^T'iyrvmiiiSiih, u- 

UMiAO. 00 0psiULt<^>t«lffit,fiS7 0 0* [0014 1 AU^KOrtgdDXCtt. ittaflWa®<»5 



[00041 sm'io^i'n'inmxAsstx. ^^vtu^m 



iB&»^m8'v»ft$*i&. mskt vx. zd lx^al 
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(near-net shape)* i:JtJ9LXtt±**0 
[00151 -»<Urt^ I D<Olx-if?gf»Ttt. h 

(00161 C:<^«^CrU^<(OWib«. mitt. 

3/4 y-fmri«»^o*cA#iT«>i'-if jffls 
I. 

100171 U-iF99y74yyiii. ><UA^J:>) 

mmmstmx 

(00181 ^Oll»<iSlX0«lc£^U<>7«lt«i» 

[00191 mm&m^ff>totz, mtmm-i 

[ 0 0 2 0 Wt-f r<f)nSi W-^^ 9 -y ^-C >'^^* 40 

*lfeCJ2, EPBI^<0*B^1^5. 653. 89 
7^&tf95. 6 56. 18 5#. MZ^tClHI^ilFO 
aftmwms. 4 26. 27 8^*ai«fi^*l.&. 31tBI» 
IRSS. 496. 422-^:»5. 196. 272#: 
RVm5. 387. 2 9 2m>mTi^>ilt.m.ff)m^ 
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[00211 L/D3ft»20 : l£Lh<W<^r<0gV»W4 

liJtaniioKtmamzx-ox^^oztifaati, e 

PR miWl. >Mr<rA^f K*B«t&iM»** 

[002 21 ^n4><!ossu^7. h^^hmi^m: 

[00231 ^aiOl$iKcG8^$iVii^i, 

[00241 f»»rD*XTa 
*, rtf-f^-VCftJKo^— «WftWT«r*rfi«)»4. sr 

[00251 tti. SttA¥^^raW«*Ka<W^ 
3CJ:»)'h$V^*#«r:-Xt*«. ^fc. 14ram 
(0. 551-fVf•)8«5/^^^>I . D. coKi^;K(tqffl 
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(0 0 271 (l»Ri^^> «JUi»i^i9>&l^n»9^ 

[0028] nsd. D. )ffl<o, ^a^fltsr^ytif 
[0029] f£3iu^Kt^»ic jt oT««>nrc» 

*J:»)fc>h3*»I. D. Xir^trSMZkifm 

[00301 'gmfmt:^^ -y^^it^, mtm 

[0031] I. D. i^'f-v^^**^*:. TiWI 
(smoothing agent) Ifi^ ^TSit/'^Wl^ 

[00321 iOfSOimi U— !f 79 -y-f ^ V^^^* 
Tftft. 

[0033] iM<S0^Si 1^79 V y-» y^^i 

m>mma^tt7rn:xiimthzt» 

[ 0 0 3 4 1 «*f:^rc3at 5H« J: 9^v«»e 
^<S0)7^ -yi^t:mif'miMzimttSSi& 

eiti,ztmmin, fc3 loOTiwrc**. 

[00351 U-^ffmzi: *)^'S<om^9^ =iy 
[00361 W-1«»fctt->-C*IWt9'f->^»'i- 
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IrxoB&rcftS. 

[0037] mfsmf&mwi'-'mi&y^ y-f * 
zh-ifim^mtiWih^^hh. 

10 038] A»n(CliMIG:«^ 
t>^l-9<0B«t*ft&. 

[003 9] rtffii&S©t:^Rf^S:r**&fc. i<0 
[0040]H8^Stm^jSS(?-fr&C2:^<. ^5 

[004 1 ] ^mc/<uAf<mt:m^j:^msis<fmk 
[0042] *semziit>Av^<^)m^mm&x/mtfi 

90 [OO4 314:|E^<,3lO0^eii0B&rC{i. »fSftl 
^^p/WiJMtr^xf-v^^awiSJBfcasfiSfi, Si« 

imfl<oK«»i^ip2iM»m<o9>(-^-s#tf. i« 

Hi, 

[0044] mmtsmi, :*sff»rtaic5-f ~v 
i^iu-^mattiySimxmis.ttix\^t. za^mz 
40 Mt. ian^iaa«'6^<oA8setcx&j:aiz»i 

[004 51 *»!Sco. mammamxti, u- 
90 tb^iih, miRsaifi, ^Bmfm&mku-^fm 
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[ 0 0 4 6 J mi9^ -v^^-r^Jttoi^^aEimftjf 
100471 m. tdiotfjsaTOi. u 

fc, W-1f3«a*»^.03Ke«l«!rt-ii5ti!iBS*iTJS 

{00481 ssDcoj^au, u^-<fm 

[004 91 3M(i!l|«fi<eO@ii>». 91MHcJ:6« 
10 0 501 *»WO<. 3 lo<0«ffi»4, W-^gSfc 

100 511 (as, mammn, i^— fs» 

(00 5 21 4:|^<>dl'?«Si;kD09liOBU. »Blr 
TW^»*>C^f«. i<o/<WyHi.»l&K|!}fi«r* 



1^2002-192592 
14 

[00531 illBOJiiStt. X9])-i 

100541 imu^mismt<nmmm)*mm 

fz-t(>t:iii(z, «i<o-?-««tf>SllHik:il*$*i.Tv^ 

(00551 l^—ffm^^ K {ffiMW^a 
4itt->t. W-irf-A2ijS3'M6ltt$-e«*«. d 

(tL•cs^<^/^■>i'•y^^8»^iE^t&ifc*«a^*«. 20 
(00561 wsfeiat.\iHis#<o^^^ifyy¥B*>iSH 

(00571 «Haa/N*>s^>^'8 1 u— firai*!^ 

(00581 immsmff>fs^i^yy8iu-iwm 
i!aaiw«A«>s^y^^6*»^iMttfti-?<»>«ja»4. c 

2wmnmmaAi/39mfOf\'^i^yrimi 



(9> 



^2002-192592 
16 



15 



T, H2(a)2lt^4(a)-C*LTV^&Jtdfc:^a^«<0 T'-f y^^?rtf=5rd. ^:«Jt3^r«l«aiatt. flWfiWC 

-a. *«l8*^*#irLi3t3lB«e«k^*»< [00641iS«Hi«3T»tL-C. ^lOthBf^it 

*i^<«>||<^a5i*1^Ni»fir^*. fc7>f^-(H5«05 1 h LT^$#i.-CV»i)«u— m 

[oo6o)imsaacn<'--fiiinei^ai4. 8Sr lo »^9-»Hii. *?8flH<^fc3io<j>^fcjt-7T«fcv 

UtimbintmSsUSSIt <H*«-f ) r*«. 3 ^iSiUbeKOS^Il. . 0 1 0=Srv»L. 0 0 S-f Vf^O 

hioizzmmfmmmzss^tintimiit wtojip^xrvr '^M&m, 'sifms;. tm^-ir 

t:#Mi-&. OasStii. ifc. C#ife2o<03ffii««»3ai(B* 

10061JH5-C^3*iftj:pt. V-^ffSSSm -ftT) fc J: oTtittSn*. «l<09>f•^ 

*5 oli. "f-y y^oBs 4 J: 9!Sv«fticft«ir»» "^msA'hxft^ ^MSi^mstf^f-y^hmt 

fill t*fcj8«[<^CA0ji»S<=Sr^>*v>J: 9fc, J;-7T»4Cfc36«aB*6<0-C. *Sra*ai!W«fc«xo 

yy^^a54fcjDi.fen6. iW^ft»«5 2lljStt» [OO66I 4-^-CJ:l4»««C. P-!fgi»3fe?3aiM^ 

m^50nf~*}yyUSAli:MthilhnX, ZffStt 30 yy^'6^W«^WSa|/^•>5^>^^8«, -(^9(8 I ed> 

«ttW-lW-A2feJ:->T«ftL**\ ftoT, ril 22(dRft»t$tiTV»-C. B2<a)atlf4(a)C5?f J: 

^.cottfiifSisaLTsafc^o, -ttoisa, «^Bio 3taaaaiiffi2 5i£:fii-:»T'sri««t»t8i6ai*&. 

C0062] 2ffl(0/>'>y:^^^62w^8». «i ^^8SS*>i-<oiaijioiiaasB^!Wfi9rc**. i 

fiaiv^l4|Bifl<^5SaiiSi.5'f « 100671 Zff>ii 3 «rXjSli» B4 (a)<DK«lCJ:-> 

6. <l. f tTiW6S9-4iraK8n«. P-ft-A 

I0063J Blli. *^W<OS*Off* tV^|»IStt-e 2«. U— 91|l|i3teg^4 l&tfliB«ai:J4BOI« 

mmbi^ixi^i, msmsii. «i«*¥*iBift ttiaK59-4iatflttM8»4. ■e»)22fej:->-c« 

tfSft*i6itfl8tT»fc:Hfctist*&. e:<oj:3=fri i<oi*!ST'3a*s*iTv%6. ^<osett!5arc«. V — f 

tlC^thf^ihUi, P-f'2l±«t:Htfitafc|6|»S€ t-A2tt. «O*<O0KS9-4iaWii!SSa<OR 

■CSl H2(b)»t^4(b)t:^J: 5 «l|»*»fe«l*=A*W, *»!S«fW[*«IH9»#i 

C.eitto-4.21teJ:r,T*¥«l20<0H«)iH« » *. «24JB<OI3K««aiiSeC*0, 
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^$«(M>«. [007 3)B3<a)ont:^tTV^«niSinffi&ntl 

[00681 icoi t *fK*'5its<':^Ms®»<»5ff * ^-t^mth t.'si (^)m<o^wmmims,tz 

^bj8«JcJ:o-CS®$*v&. Zff>Xo'iro^xi:^ iftff=Srdwt*»aj*4. C:^tcJ:'>TI/-i>K»M«tt 

*)!iitZtm/J(iiy4-yy^immj:ti>9m to 074 ] «&«ttOS^-3IS»i. B2<a)C^5 

*IK*OH4(a)«05atfiSafe:J:')P-1f^'7-s'K ii.Sii8M?2 3t:fS*tdRft»t^.*i«. S9-(H2 

^«*<09>f-f-«»^,ttS»t^»*t&. <a)t:^LTV>*ia^rn«59-23)kSj«<^T 

[006 9]B2(a)tt. :tcSn»Dtdlo<^^dliS8l <0«l!^^«trm692 3&(0n^. $9-<0{3tS 

msmi,mmwi^i&'oxu-vmssss.<^ 20 itoxotzsss^i.u-yx.mnn^s^toifmt 

izbizX'?xi^t>M. *5Q*ss«fcj:6k.«i<r> ioo75}*mf^msinmtsm^ir>xm^ii 

-<r)i^W24 (PHIS 9-2 3«cftv>'c*»ft)<^ir^<s» a«jSifc**. «i(f. v>f ■^sraaaiijf'^^oatr 

[00701 j8««iifcJllciS»f«it, «-»-c. AO ^iMIsmb^stZti^isiiW 7^-\r-j8f««v^* 

av«ffrD4:;%tiBl2(a)0:^ettfitt(cJ:-9T»&^ frt»k. CA7'r-^-iiM<:QrO«^aeTfifub<9lS 

kotas**. i<oiit8sa»iH3<a)K:^j:pcp«i vMswi'^rv^. -rtf^PHtJSi-r* i-?<o:jj®4. « 

tt»ilBN-«w2:«:J:0.SISS(S3O)e«t&U(«mi ^«ia£9l$j&I-^. i>7 lo<9RRI»tU. 2O0]n4 

&. »8aiH8ri«J:dt:SSe-r*^fcl4H3(b)CSt lffll4S«^-)'KXI±««rv->'F<r>ie<»ca 

1007 1 1 tttb, ^a^a«:55-1>->fXROTg« IIU^Cfc*»iJfc»r^. l^kLT. V-f-\r-fiaft3» 

^^^^^^►ako^^ksst^s^w^ Mfc. [00761 1 rxnm^i^ a*«««LT. «ut 

k. mg<^^/<»-y^<,^-eg)tt<OU-lf iM t Wtt J:<a!)&ik», «B9Lfc»«««jilliie9«S 

Srm*1-<-r»Ck*«aS*«, «fflB^*J:3fc59ttS«ClifT»^ffitiStl5U* 

[00721 1l(cn£^tfl^««>tt. ffft(IR3». S9 (tfitfSr^^VK £5 U:(&SS<>i«M»03Xh»9l» 
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«<^tcst < ^j:i>.tt:, wsmikm^mi c o o 8 1 ] ^momsKemm^i, m^^yy' 

i. w<?>l<fflBitt*<<OV>^V^^^:»tt^'fXicaffl *Wa(Na2 S i 3 • 5H2 0)-C*i. LipLtkifi 

^naflytwuotfcjbH'^'Csv^'te lo »j:9Wj»r*&tja»s*ii. »2i&&*r<^2*» 
(00781 3i4»ioinBiK:u, fl«^^fic(=^^ ittt?timtDmt=»Lxmtc 

aloHBT**) , «*& LT-y h y -sr ^xn»fc-«8 t o o s 2 1 sfflwsaitiwsasBBi, mam^t 

^imstmx *)mBQ±mtt ixmsmiim>> ms^vmrnmif^^^t . wasmmmx. 

«««tt. 'i-ty^^iy^x' hLXfahtih^3 ©^wwijsjiw, »:<iwi9"Cft*:iy4rrt'-^'oA 

oa«tf i Lv^sassttTewsiii) : omt^^ v ; «ih9*. 4 5x : m^^m- h y '>A<D*jg«» 1 

;»t^Z*'>fl:y4^n-'>A. ^-f^^yF, ^ 30 (00831 ^r^»^-hy'>A£;**»{Na2 S ia 

Ifi^'f ■^%}'HXtt-(tl^(OVvftuO«(Hi^frK>-C. • 5H2 0)«)glcj|»E». =,ir4rA.-^oAThy v^f 

v^m<^^wftt.ra«cffiwaat*. ;*t«><'S8i^tt xa3Ravz*'crfl:f-5'>iteict«^«4:X7y-*« 

<i^<. ta$}iTk^%v)^Kr(>j:vv nmrxusx a2 s i a • 5H2 o)(^^^aiT-i^20(oit 

««g*itafe-r/t»t:ttiB-r*. ^«iDi«iwws&«(i-'fiw-hy'>Ai&a, ii* 

(00801 ~<y^/p-^DA«^h>j7^x«m(> 4Mk&t^;ic)<r>stt. mmimitit£tm^iLhim 

» j»»:e7(i»3t»)»r?-fii(cs«9n&. cii^o tm4aKov h y ^ xAxmmt&miitdms.ffjt^ 

50- F-eft». n^nrtt^^^oHusiia. o m&titM^«)mn^'-tyf^i^^^imii\ii 
00' Fxf>i. ZTti^ith^y^tmimtrizk'i 

<, -y^A^^oJK^iimLXmmmbW^t (0084 1 ftt.4W%lllfilMK-Cli. l»t09X9y- 
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1. Title if tic lireitioft 

ilTIOD FOI USII CLADDING 01 PlASTICATiNC BARIiLS 

2. Oains 

CiltBf 

Vc cilia : 

t. k pliiticitisi lirrcl aiipled for tsc it eztridiaf niltco ylaitic* t 
td cottpfislBC t aibftritc csaptsci sf t first actallic aiteilal tni a li 
acr caiMtcd > ic«oi]l coapoiiliao. sail Itaer coBprtsiaf : 
i'i;a laicr-ffcNcd claddiag. Silslaoliallr atifcralr fomcd aa aa eattrc 
iaaci- diiaeUr of laii sabstrate. saii liatr fteifit ftracd to bive ao i 
aii'de diasttti of Itii tbai iibitaat iai tj filttca ailiiacicra at iiaialc 
i kf iatcr-veldiag. 

2. Tie plaattcatiag lirrel al ciiis 1. tkcrcia said liser lit a tariati 
oa ia tirfacc laoatlaets of Icti tiaa .90$ ttclcs as fiaiibed by User a 

3. Tbe plastieatias barrel of cliis ]. wheifio said first netsllic >i'tc* 
rial if coittittted by a groap of aatcrials coaiistiag of Steel, lad ate 
el allorf. 

4. The Hiiticttiig barrel ol ciiia ibercii Said Sicoad coapositioo 
coaprises a aictcl^clrofie sixtaie. 

5. k plasticatiai barrel adapted for ate ie estridiag aoltea plastic, a 
ad coaprisiof a sabstiate af a first aetalltc esteiial a&i a liser, said 

iioef 
eoBprisiat : 

4f^l;4^l;a} a laser-vclded claddiog faiocd af a scceod oetillic aitrtz aa 
teritl; tod. 

A^9;ft^9;b} ao aati-abrash e csarositisB foraed if i tbird aalerial caapa 
sitioa sad oaifafotj itstsrbel is saselted Caie tbioifbaat stid actallic 



(17) 



^2002-192592 



S. Tbt fUsticilitf barrel pf clain 5, Tbcicio said lat i-abristTe lajei 
ii coistilitcd %j I nateria! stletUd frofl t |faip coosisttor et nctal 

carbide eoBfoieDts* dianaBit. ccrasics aid lyotbctu dianaads. 

f. A iistcB far laser-weldiaf a liaiaf al ikt iitcftai a! a natal tabc, 
tatd i)£t€iB coi^Msiac : 

MS;a) a laicr atatat aptics bead arraaged ta colcf laid nela! tibe fian 
a Itreread af slid^ctal tatt; aad. 

I'$;b) aa aaxiliaiy cqi'tpaeot kcad arraafed lo caur Said sctit tabt fra 
« a fecaod cad ai said aetal tibc 

8. Tbe iTitca al claio 7, fa/tbcf caaFfiiiaf a caolioiUr far coatraiii 
ag Bateaeat af an; Vanpaocat atleatad fiOB a graop caosiaiiaf al laid la 
atr aioiif 0|tici bead, said aaiiliaiy cqiipBCit baid lad said aetai tab 

€. 

9. Tbe aratiB af claia 8. vbcfcia said ittilUri a^aipBiit bead campria 
ca : 

l>^>;a} Qiaai ior.Bisitorias ptafreia af iaiec wcldiag ioiide laid actal 
tabc; 

i«9;l} Baaaa far pfotidlag liaiac aaterial to be vcldad la Said neUi la 

be: 

4^f;c} flaaai lor caoltBi Bilcrials sad c^aipBcit litbia laid Betal tabc; 
aad, 

&#f;d} fliaai far sipplfiag a gas ta a veld site. 

19. Tbe arstea af data 9. fattber caapriiiag aeaai far addtaf iiti-abi 
asite BaUrial ta veld aelts created by said Teidlog bead. 
II. Tbe srstca af claifl 19, vlereig laid aaaas far addiag aeti-abrasife 
aalcrial if pari of laid aaiiliary eqaipaeal. 

It. Tbe syitea af claiB 19. tbcreia Said oeaol far addtog lati-alraiiTe 
aalcrial is placed la tbat said aali-abrasite aatcrtal ii added ta a pa 
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^ftloa of sail veil sell tbat is copliof. vhcicbj nil aot i->(r»si le sate 
rial is Qi.!liX8l7 irriiiei Uraigloit tiU vtli sett ii ii iidcfradel co 

niti lea. 

i). fk< srsttD of cliiB 12. fiitkei ciBpfliiae a li^port rid arnoffd X 
9 czteid borixsdlillj Ibrisgk Ibe laigttidiaal aiii tf said actal tibc, 
said Sipp«rt lod arnafcd to DOfablf ssp^ort said later aiatsg sptics U 
ad aod said ssiiliari cqatpocat bead. 

14. fie systcB of etaio 13, Itrthei casfrisisf aeass for ratatiaf said 
oetil libc aboit I'aid rsrport lod. 

15. A SMUb lor liBiif a actal tabc by lascr-icid cladllof, said tysle 
B coipiiiioi : . 

ft«9:l#9;i) I i«scr-ai8iof oytict tictd; 

ft^9;fi«i;b) aesas for loldiDf tail netal tabe ia a bortsoatal pasitiao so 
d rotatiac said tabc tbaat a borisoatal izii; 

&^9:ft^9;c) Beios foi lOtitioDiag said later aisiag aptict bead wbereia 1 

asei- tcldiia alvayt tales place ia a tiigle directiei; asd. 

&^9;M$;d) eaatrai aeaot fai eeoidiiatias rotatiioal aercaeat of said at 

tal tibe aad opeiatiea ai ttid lisci aiaieg optics bead. 

1$. Tbe Sfstea tf claia IS, f a rtber'^ caapr it ias as aaxiliarj eqaipacot b 

tad. CQoprisiaf aeiBS far proTtdios lisiag nateriai. scaas lor caoliof s 

aid aetil tabc aad aateiiale in said aetal tabe; aeaas far optical aoalt 

oriaf of acidiog operatioas; aad, aeaas for proridiag gas. 

IT. Tbi ifstea of ctaia IS, tbereio said caatrol aeaas lortber aperate 

to coordiaate aoTeacat af said aiiiliatf eqaipaeat bead. 

It, Tbe lyatco of claia 17, tbereio said ariiliarf eqaipQcat bead lartb 

ei caapiiscs aeaos far addiog aati-abrasirc aad earros ios-resistaot aate 

rial to said teld Belt, vbcrica said aoti-abrssife aalerial is aadcgradc 

d aad aailoralf distribatea tbraagb said Utcr^vell aeli. 

II. h STitea for iiaiag ao iatcrior sarlacc. said Sfstca cooprisiag : 
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l^9;4^9;i} i User ttniog opiics letd; iti. 

M;M\h) Bcsoi for icldiig «a a botUn nrficc of iiid ittcrioi iirfac 
e ly apflrtBf gratiti l< crctle a $efics o( looDib, siiffcm veldt ceosti 
lifiog I iioiig of Slid ioUriar sirficc. 

2b. Tbe tistco of cIiIb vbeieia lafd lascr-aiBitf aitict bead is di 
reeled te veld lo a siifie ditectiae, perpeidicalai ta a bartivatvl plaft 
e io vbicb %tli ieieiioi sarface Ii arraared. 
- 21. Tie sjsicB o1 claia 10, vbeieio tald iaicriar tatface ii that af a 
tabe. 

21. Tbe sfstea af claia Id* vbcreio aaid I'oteriof aetface ii irrcfalar 
ia.slape. 

2S. Tke ifstca af dais 21, vbereia said toterior strface it aada af na 
lal. 

24. Tic sjttea af claia 11, faitbcr caapriaiig acaat far rotatiflK said 
Bctal tabe. 

!$. Tie sjtlcB ol claio 24, firtber coapneiei aeaai far oofiaf said la 
ter aiaiai aptics bead bertsaotally tbrcafb said setal ube: 
!€' A s/sies fei lialaf a aetal tabe bi iaier-veldtag/ said arstea' eaap 
ritiof : 

ft^9:&'9:i) a later laaiee arriafed ta eott later Itfbt iota a first ead 
af aaid aetal tabe; aad, 

MS;ft<9;(b) i later aiaiag apti^et bcal arratfed to deflect ligkt fraa ta 
id laser saarcc aad arriafed la eater said aetal tabe at a tccood ead. 

27. The aiatea of claia 26, lartber eoaprisiag a tippart rad irriafcd a 
t a ceatcr paiat af laid aetal tabe ateag a baiitootal exit, tad sappart 
ieg said later aiaiog apticc lead. 

28. Tic tfttca ol claia 27, fartber caaprisiag lo aaxiliari eqaipaeat b 
ead arraaged ta eater iai4 eielil tabe al tiid secaad cod. 
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29. Tbc listen of dais 17, lirtler ceapiittBf ntaoi for aofiBg taii ti 
liliarf e<ii|actt lead aoi nil lisei liniBi optics lead lorisoatailf Ik 
fDfgl fail Bflai tibc. 

3B. Tbc tistcn cf data t9, firtler cospriiiog cootiol ncaos fcf coorii 
Biliif BorcBcat of lall laser aistof optics lead; aod, said aaitliari t\ 
lipocot lead viti ftaeratioo of siii later liglt. 

It. TIc'sistcB of clalB lO/flfrela tatd* aasll iarj ejilpBtot Ittl aod t 
aid laser aiaiaf optics lead ace cootctici togctlc? aod »ofc tocctber al 
oaf said loriaoatal aiis. 

32. Tic tistCB of data M» wicrcio said User aisi'ag eptict lead csftpr 

• • • »■ 

lies a olapcd airror. 

1). Tie sjstCB of doia 12, vlcreio said laser lifit is arraogtd ia a i 
oast-llcbl slape. 

31. Tbc Sfstto nt cliio 31, vlereta said coaicil airrer aod laid dsoct-l 

ilc tbapei laser licit effect ad t t rectioaa I veldioc. 

33.., Tic S|Slea*ef dsia 34, ■beicio said slapcd airrer cOBpfises aa-ajd 

ostabic caaicil airrar aod oaeidi rectioaa) vddiog it carried oat/ 

3d. A sfstca lor liaiaf a eetal tabe If laser-Tddief . said STStea coip 

risiaf : 

ft^9;ft09;(s} a later aiaiag aptict bead arraaged to deflect later liglt 
catciiag laid actal talc at a fjrst cod of said aetal tabe, laid laser a 
iaiag optics bead bciog ratalallp aoaoted, aad arranged to eater said ae 
tsl tale at a sceood cod of said actal tale. 

37. Tie ifstea of daia 36, fixtler cospriiiag aa aiiiliaty eqaipaeal I 
cad arraaged ta catci taid actal at taid Sccaod cod of laid actal tole. 

I»9: 

31. Tie sfstea of ciaia 37« obcrcio said laser aiaiag aplici lead aad S 
aid aaitiiari eqaipicot lead rotate togetler. 
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19. Tic ifiten «f cliio 18* ftilfeei c«apiittot bcii! fsr ctaritoaliag r 
Qtatiftt ct i>i< lascr-iiBiBi optics lead till tiotsf oticseit if tail li 
Sir attttof optiet bead aid fail aixiiiarr sfStca leal tlreafl tail nctal 
Isbc. 

40. A Bctbal of littiDt a actal tabc lasei wcllisf, nil praccsi coup 
risiaf tic Iteps •! : 

M9:i<9:8) atriiiiBf laii acta] tibc ia a bofttcotal paiittoa; 
M9:M9;b) placiaf a laici ainiag optics lea'l ia laii ictal tsbc: lol, 
M9;l^l:c) carrfttf cat' a plaralitp af laier-tellt ia a siigle llrtctiei 
tliic fotatiBf fail sctal tabc aal aisfiai nil laser veil bead in a lie 
lie lirecliea aieaf tail vetil tabc. 

I). Tie piaccsi ai claia 10, vicrcia tail latcf-vclliag ii catricl oat i 
a a ipiral pattcra. 

II. Tic prsccss «f claiat IB. wiercia sail octal tabc ii fatalei aal »ai 
d laicr aiaiaf apticf leal it sored aloag tie loogitaliaal aiis of lail 
actal tabc to a prcletciaiiaci positioa to effect spot veldieg; 

41. Tbt pracci'i af ciaio 4§, rlercia said actal lilc coaprists itecl aa 
d said litiag coaipiises at aaii-carroiiTc and aatiMbiiiife eiclel-cbrsa 
c aatfis. 

14. Tic pfoccss of ciaia 43. fortlcr coapntiag tic ttcp of adiiag aa a 
itl* alraiifc aatciisl to cacl^ef laid plaialitf of liser-vclls. 
1$. Tkc octlol ol claia 14, wbcrcia tail aati-alrasiic aatcfta! coatist 
8 of titaaiaa Isbottic (Tt82) . 

Id. Tic octlol ol ciaia 14 vicfcia tail octal tabc it itccl. 

17. A actlol of liDlof a actal talc hj lalcr-vcllieg. I 
ail actlol ctaprisiag tic stcpi : 

Ad9;|#9;a) placiag a liscf aiolog optics leal io sail actal tobe at a f 
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irit eid «f tatd aclal tibc; aid, 

l*9;Ml;b) triHoitliBf laser liflt frts a iccasd cbI if iiid mtil tvkc 
to le deflected Ir said laicr aiaiif iptict head t« effect liicr-wetdia 
£ ia said BCtal tabe. 

41. Tie actbed of dais 47, vicrcia said laser wcldiog is ml ti*dirccti 
oaal. 

.49. Tie sctlod ol claio 48, fartkei coip;iiiB| : 

M9;l'9:c) aovioi said laftr aiaiis optici lcai ileof lo as'is of said se 

til tobc tbilc rcpeatiaif tbc step ol latei-Tcldioi. 

51. Tbc actbod ol cliisi 49. vbercia said flctal tabe ii rotated tbilc bo 
fiaf said laser ainiBi optics bead aloig tbc laeritadiaal asis af said ■ 
etal tibc ts'clfect liscr-«eidift( orer as eatirc ioterior of said aetal 
tBbe. 

U. Tic «elbod of ciatB SO. vbereio said laser-veld bead is rotated aad 
Bsred aloBf tic lotgitodioal aiis of said aetal tabe to effect fasei-vc 
Idiif of 00 eatirc iBiidc diaoctcr of said BCtil tibe. 

52. .1 Bctbid of claddioi ai titerior sirfacc bp laser-veldiag, siid act 
bod coaprtsiog tie steps of ' ' 

M9;Mt;i) irriogiag a laser aiaisg optics Iea4 t« epeiate ia a piedetci 
fliscd pattcro aUof stid iatcrior sorftce to create a tertcs of well ael 
ti, eaci Slid veld aelt lafiog a varser leadiog psrtioo pad a CBoler tra 
iliag pirtios: iid, 

ft'l;&^9;l) addiBg aa iBti-ibrat ire aatcrial te sitd trailiof pertioi of 
eacb laid veld aelt tlerebf Hid aat i-abras arc aatcrial is sadcgradcd as 
d aoiforalj distribattd tbroacbott cacb iaid*veU aelt. 
5). Tie actbod el data S2, Tbeieia said iateitor larlace is vitiis a a 
ctil talc. 

54. The actbod of data S), vbcieio cacb said vdd aeU is formed of a 
oicid- cbioBc aistore. 
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$S. Tiic iiciloi sf claia S4, vicriii siitf asti-i^rativt natciiit titiais 
& iiloiidc (riSt). 

Tbc aclltd of claii SS, tbereis said nctal tilt it letatci. 
S7. The sctlad al ctain SS. wbcrtta said laicr itaiic a^ilci l<ai ii ra 
tated. 

SS. A piaiticatiai barrel adapted far ate ia citradiaf aaltea |laattc c 
lapfiiloi : 

4«9;i«f;(a) a saMUalt of i fifst B^tailic nateiial ;' lad, • 
ft^9;MS;U) a laicr-cla'd lialag at aa lali-carraaitc alckcl cbrant satri 
I. 

k pliiticatiaf bairtl af clits SS fartlcr caspriiiof aa aati-ilraiii 
e aatcfial at titaaiaa dibaridc. 

$0. Tfte ptaaticatla'i banel af claiv S> tarilar caaprtttBi a btadtaf » 

Urtai af 
KaZStll SB20. 

U. Tbc Bctfcod af liaiig a ttbc coBprtsiBf tie steps af : 

4#P;i«|;(t) iisertjef a siarrj iita laid aetal take, taid tiarry iiciadi 

ag fiaer oatcTi'al; 

i«9;fi#5;(b} ceotrifagally casttag laid tiairr attlio taid oetal tabe la 
(era a aaifaiB hard caatlag aicr aa iastde diaietet af said Sftat labc: 
lad, 

iff);|«9;(c) latci'veldiag said bard coatiog ta ffira said Iseci. 
12. Tbi ittbid a! dais 61. vlcraia said tabt it oade af oetat. 
63. Tbe actbod al cliias 6!. alereia said slairj caasists at : 
&^9;&*9;(a) a aiekt l-cbrasisB Bixtirc; 
k^lkH'Al) a HalSiar mO btader, siied vilb aaier; aed. 
4ff9;U9;(€) a TiB2 aat i -abrai ire aiteiial. 

d4. Tbe Bitbad af clatu 63, abereia said step of ceotriitgal baliag is 
carried aat at a tciperatare Ictieea 200? lod 690! f. 
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IS. The Bctbid flf cliin 61, vbcieio laid ciitiBf it fofsed to a tfticlie 
St of iibsliDliillf .MO iocbcs %7 tiid ccaliifscal btliig fiaccit. 

S. Oetiilcd DcsctiptitB ol lotcBtioD 
Tc<b5ict! FicH 

Tic rvttcit tiieitiia ictatcs gcaenlli i« ibc iicH ol platticatiof com 
pttetti* lacb 09 scrcfi aid liircU. isci foi cstfoiiif plaltic. Ii pir 
ricatar, tli->ieiefil lit catiao it lircctctf ta i ttrtctirc foi a airt abr 
atioi-rcf itkaat aid cofrtt iao-ietitlaat plaflicakiof barrel, aid a tccia 
I'lae for saaafactariag the liaiai ol tic ispiofci baricl. 
Baclgfoaad irt 

latrodcri aad lalcri (rallcr cjtradcrt) lave bcca ia ate at Icitt siacc 
tic bcfiaaiag of tbe tveitictl ccattry. WitI tbe adfcot af plistics. tl 
e dfsaad far lacl citrideif lat bcciec gfcaltr aad lie procettlag caadit 
iaai baft becoae aore levere. Origiaailr ticb dcriccs were ctscatiallr 
a ttnplc tcrev ratattof laaide a tiigle*aalciial band witlaat a litiag 
. TUs ii 00 ioagcf tbe catc die lo tbe ocvcf aad note difficail to prac 
ets oatcrialt.* 

BotI of lletc esnfoaeots ire t^bjcct to wear Croa setal-to- aetii c 
•itact, aod fran abiatite aad correiite fillers it lie pitttic er robber 
caspoteit. Tie origiaal barrels bid aa ioleiaal sirfacc till vat oitri 
ded to girc iBproTcd alrasifc teir lesistaoce. la Ibe later i9$9' s bine 
taliic barrels terc deieleped aalai a eeoliifafal casttog pracess. as br 
fcfly described is tbe Spirex pablicatioo, eatitled flaslicatiaf Coapooe 
Its Tecbialegf, I99f» iaeorperatcd lereio bj refereoce. Ilto, sad ia 
prated birrelt were adapted for ate fitb iDjcckioa BoUi&g aacbiact. ia 
addillia to ctareotioail eitrodert. 

Ceatrifafal caitttg of pUslicitiag baricia is a process oscd to Ii 
ac tbe iateraal tariaee af a barrel vttb aa abratioa aad/ar corrosioa re 
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titltat liter Ihii is dilUfeftt frao the biiiel bacliif BiicriaL ei sibs 
trite. Tic ptoctii iirolvcf ItltilMig a lioiag Batiriil, tick at a pa 
litr. iaiiic tbc kcavr^vtMe^ barrel cfliodfr at raaiD tcapciatare. Tie 
cids af tic lane! arc carpel (anally veldcd) aad the barrel aod aaoclt 
ti pavdcr are placed ia a castiac Ofco. Tbc barrel it ticft related aad 
belted askil tbe liaer naterial setali are nelted aaiiarnli disUibiled 
oa tie totcraal Sirfice ol tie larrel. Early lii'tr aateriats fere iiaa/ 
baroa aiit'erlali tbat created ease aelal cirbidct aed vcre * teij nicl set 
e tear reiiftasi llal tie ailrited barrcli. la 1911 iopievcd liicri bee 
aae oare alrafioo retiilaat b| lie idditian af eery loill, discrete acta 
I carbides particles lilc UafStea carbide aid eqsifaleet sileriils. 

Most lotatiQoal castiig aeeoi are gas bcatcd bat tcct tie iedQCtiea 
Icated. Is eitbei cast, Ibc itstde ef tic larrel aist be beatcd ta a p 
aiat vbeie tie liocr laidei nellt. bit tbe tlict-wilied barrel aatcrial 
•r sabstrite docs aot atlt. ifter aclttag is accoiplisled tie barrel it 
ilaviy coaled si tbat stresses are let iidaced, aid so that tbc liacr a 
ateriil does aat crack. After cooliaf. tic barrel. is laocd, itiaiglteac 
d aad nacliaed te it*.s fiaal diaraiioas. Ofteo tbis Ve^aires iastrltati 
18 af a ligl-pressare sleere at tbe discbarge cad if tic barrel. 

TIere are a naaber af disadtaatages ta tlis tcclai^ae. Tbc gas tir 
«d or iodactiatt laraaces viti ritatteg e^aipocat are lery czpeosiee, aad 
rcMHC exteatite aaiateaafice^. Tlis iaclades periodic aod protaoged sb 
atdQ«as te rclioe tie rciractary sarfaccs af tbc erea. Fsitler. ereo vb 
ca tbe tiraaces are fascliaaiag properly, set ap for tbe ciatiog of each 
barrel is ao avlvard aad tiac* coasieiog pfoccss. 

Also, tbe process of ccDtrifogal caitiag reiaires flat tic liacr ai 
terial or aitertal aatria aelt at a laver tcaperatare tbai tbe bacltog o 
r sabstrate aaterial. Tlis creatct setcrc lioiiatiooa oa tie liaer astc 
rials tbao cao be ased. is a retail, abrasioa-rcsistaat aad corioiifii-f 
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(titliit asteriili ire liniUd Is foifiilai llal neit «t s iovci Icoperat 
ifc tbiB tic barrel labsirttc. Ii Buy catci tic aptioii land salstrat 
e ia< ladcr aatcrlals casaal It aael fai tic iitciials to Ic liadltl. 

TIerc is also lie rctaircflcol ol ratttof tic.lacliof or salstralc a 
attrial to a tcapcratoic close to tic ficltUf poiat of tic aalftratc oat 
trial faliovrd If a flow cooHos to aoacal tic lacltag satcrial. Tlis to 
tcrs tic strcsftl oi tic aaocalcd lacliog aatcrial . Uafor toaatclr. «crj 

ligl strcogtlt sfc aoT rcQoircd lecaosc loci larrcli cat Ic sal{cct to 
iatcroi} prcisircs ot 41,010 pit or Itfler. loi tcnpciitarcs ap to 110 d 
ef.F. TIcte coadtlioas fc|oirc lie iastailatioa ol a Itfl prcstarc sicct 
e at coosidcrallc cipcasc. Som aevcr, Itglcr priced allois caa rcdace 
tlis effect sottcvlat I7 redociaf tie loss cf atieaftl. Bovcfcr. |rcatci 

cipcasc is iocarrcd. 

Osriag tie retatiooal tiittag ptoccsi tic Icivicr ictil ciilide par 
tides tcad to be tlrova ootvard by ceitrilsgal fsrcc. This oeiet ticsc 

particlei iva? froft tic iosidc sirfice wbcrc ticf arc iceded for alias) 
OB. rcsistiDCC. As a resolt, tic resiltiog liiisg is fai nerc iisccptibl 
c to tear tiiscd If ilrasioo ibat if tic octal carbide particles aic pri 
pcrlj located 00 tbc iaaex sirface o^f tbe lisiog or eieal} distiibatcd t 
broigliat tbc lieiog er claddiag. 

Tbc bigl barrel teapcratares tiat are rcacled dariag caitiag aale i 
t difficelt to fiaiitait tie Straigllaesf vbicb is critital to tbe plisti 
c proccsstog operatioB. Strtigltcoiag of tbc barrel caiaol be dose bj c 
oofcstiooal stiaigltcaiog presses lecasse retene lesdisg cracli tbe rel 
itlteli brittle liacr. Tbe retattooil casii*ag pricets rcqsires a loag t 
iae to beat op tbc liaer aod barrel sabstritc. Additioial tiae ii reqai 
red fai slot cooliag alter tbc liaiag operattoo. Tlis caaies added cipe 
asc la labor aad elccttical costs. 

Becaaac tbc liaiag process cao oalf be focceisfal is a serf aorrot 
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laifc of tint ltd teupt ralirf s, ofics tl€ iciilti arc sot fatislactorf . 
Hifb tcaptfatircs «ol loof iioc pcriidi lycit it tliic tcaptritores (ii 
se dilittoi b| Biriittoi of lie iiftsuaU laicriil iiU tic land liiii 
g ftstcriil. Tbis eanei poor liriiess lad poor alratioi rcsistiocc. Al 
to silstrite aiffatioo of lie ^i$e iieo aiterial cio ciosc poor corrosio 
I resistiocc io cerliia appi icat ioos . Iileslcd pcricdt al ligl teopcrat 
ires alto caise tit octal carliie piiliclci coatiai lie lioer'iieef sorl 
act to Bflt islo soliUoo is the Batiii Bitter (coail ttitiag tic li air) 
readcriof Ilea asclcis. 

ilea tcaperalircs are too lav aad tit lise pcrtodf at propcrlf cict 
alcd tcapcntofcs arc too ilort* aa iaadcfaatc actailic load cao fcstlt. 
Sod 10 iDidctiilc actailic ftoad otaat tiat tic tiacr aar lecoae scpara 
ted ffoo tic larrcl iilttiatc or laclUg aatcrial. Tlis cooditioo eoold 
rcidci tie cDtirc larici otclcst. Firtlir, it iibc caicf porliois of t 
le lioer aaj coac dfslodfcd, cornplisi tie soUei piaitic lod/or ffoiis 
I tic »crc« pisliog tkc ooltei plattic tiroifl tic lariel. la eitler ca 
sc. tie liffcl 11 Sibjcct to. catiitropltc failirc. aod tbc plistic price 
rscd tkercia riiicd. 

A titillj diffcrcot oetled le pridtce lincl lioeis is ciisiilitcd 
Ir later vcldiaf or claidtag. Laacr claddiog is lifer vcldiog of a dilf 
crcnt sirficc oiti i litc or lebttratc actii. Tlis ecv pracesa diaioiil 
es or enaiaitet ilt of tic disi^riatigcs Itilcd ilorc. 

Tbc eorc ciBrcotioial MIC or TIG vcldiof of tic iasidc diaaetcr (ID 
) of biircis cii Ic doBc, lot it is aire dilficilt to get iota saallcr d 
iaacter baircli. Tie soie affected b; beat if 'oicb greitcr, iid tic itid 
cd tirficc it poller, caisiag aid grciler eipcoie ii fiatsbiif coapiied 
to tbc •acar-oet ilapc" of lascr-fcldtag. 

laoet veldifig of tic 10 of barrels iariiTci lie dcpositiog of tic I 
iicr aiterial prior to veldiag ia tic fors of paste or a separate fiacr 
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tibc, or difioi ftldiof will i povdcr ir costiisfts tirt* Tbe later ttl 
in cttiliy iaclaict i User beiii dflifeied fr«a i rcnete siorcc fit ftb 
CI optics 38d opticti systcos, or hj direct laser beini. 

this tecbitqie lis I oisber of tdrtntiges. Fir ciiaple, deiicct bi? 
e bfii sale tbat vsll tlloi laser icldiif ioto dtiaelcrs is inill as 3/4 
iicb. Later clidliii tin bas a fcr| iliilow beit-af f ecled itpih tbicb 
{ires aacb lesi dilstiii if tbe lUer satcriil t&to Sbe barrel lalstiate 
. Tbli tecbiiqic alto e'rettts aoef teas stress ti tie ssbttratc. redici 
ig tbe tcaicacf to bted or virp. 

Laser ctaddiof ii a relathcli robisi proceis tiar allovs i vide la 
titode tf Bitcrials to be iiedt iaciidiog oilcriils tbat aelt at bifler 
tcBptritiret tbio tbe barrel islitrate. Tlis cia lead to ioprored natri 
z saterials aod inprofei ceriiic or cirbidc nalcriils as iati*alris if e c 
oittogs 00 tbe lioer. Diserele abrisioi resistiet carbide or ceriaic pa 
rticles do oil oifrate toward tic ssbstrilt as ie rotatioail castiig. T 
Its leaves tbcB crealf distriboted fbcre ticj arc leedcd. 

Tbe safastrite doti -ool aecestirili aeed to \t prchettcd priir to ie 
Idlac, tiat rediciif prilictioQ tiaeiod expeise. Beat ispiiled Ij tbe I 
Iter veidiig process is aicb icdiccd led cia be rcsertd derise teldiof b 
7 tatcraal aid etteroil ■elbods. Tbis seias tbat a Uog coeltag davo ti 
■e cai be cliaitated. Ai a resolt, tbe process is less tiac-coasiaiog tb 
II ccatrifagal casttig. 

Later veldieg is aa actial teldiig process vitb a aetai la rgica I boo 
d ratlcr tin a brasisg proceis tbcre tic fificr aelts at a lover teapeta 
tire tbai tbe sibstrate as is ritatioial ciitieg. Tbe laser cliddiaf e4 
lipaeit is geieriHi lover cost ibai gas^fircd or ladiclioe liioacet. 

Several devices to later clad Ibe iaside of pipei bavc beco ioveelc 
d aod ceaficrcialtsed. TIcse iodide IPS! Piteet Hot. 653. 197 iid S,IS 
S, 185 sad IBl Fiteat Ho. 5.436,373. Alto iocloded ate U.S. Pateat Nos. 
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$.496,412; aid, S.3S1.ZI2. All of tic aUieBcilloie4 palest 

I arc iocorporaled Itreii b| rcfcreice n facilitate a better eaderstasd 
iog <f tic Mctcat iofcotioa. TIcse icficca arc dcsigicd tc fcptir das9 
led «r ccireded beat iicbaocer iibet it pwt gcaciatieo plaatt. TIeic 
ifstesi aie detifacl it aalc sbert. lacali'icd rcpaira ii tcUtitelr leaf 
, fitti pipct tbat caDaal relate. Cocteiaeillj, escb ef tkcte sjitess a 
let I rattttag laicr bead fei veldrag. ft«S;Tbe tfatCBi. deieribed ti tic 

affirettettiaacd pilecli iiclide tbe iaiertiae at a elaidtag ar talar sat 
dial b| vire. pavder, paite. aad tbia lall labc. Tic paite tad tbe ttb 
ci arc already is place before User claddiag. la tbe esse of Ibc EPXI 
pateat, a colled virc is placed iasidc tbe pipe directly abofc tic rcpii 
r area io order tt bave il ctsily accessible aid can te feed ii tbe cli 
ddtag proceed!. Tfais aetbgd is Mailed to slort loagitidiaal Icogtll ef 

Ycldi aa is gcaerally rciaired ii boiler repair. Pivder It dllficilt t 

0 latradocc io tbe boiiioital pisitioo becaesc, oitleot gratity assist, 
it teadi tfl clfli aod iatcrrapti clid4ia|. Oratiagt at tbeic Tiriaas vcl 
ditg deticei are ilova ia tbe piteets. 

Poi preioagcd or fill Icagtb claddieg of 20:1 LA oi loager pipes i 
be bead asi especially tie rcflectis'g eirrers stst be ceoled. Tbii caa 
be doae hf a ccaliag flcil sicb at air or vater. Tbe BPRI pateat does a 
ot bare sicb coaliag except for tbe beariogc tbit arc rcqsired to rotate 
tbe held ioside Ibc pipe. Tie IBI device illows cootiag (by air) coaiof 
froa tbe dircctioa of tbe lisei seirce. 

All of thcac deticcs aalt bate all aaiiliary lerttcei latradaccd fr 
on tie later bead cod of tie talc becaote access froa tie oppetite cod i 

1 Bol available, aid caaoot be coardiialcd titb tbe activity provided fr 
OD tbe laser ead. Tbcsc aiiiliarr services cio iodide fiber optical vi 
ever, wire/povder feeds, ctoliai ecdia, optics (leases) aod focatiog dcr 
ices. 
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Tkc defUcs ditcUstd ti tbc silitcl pateits veld os c«iitiollf ck« 
•{iig farlaccs. This leads U giTc a ica-aitftm a&d Ictt tnoatb soific 
t dae tc tbc iaflacocc of grivltj. tf tbe claldiat it doac viti lie ptp 
c tcrttcsl, Ibc oclt poal teadi ta 8«t be llitteoed and cii lift eiafgei 
atcd riagi oi atber diitoriitai ia tic sarfacc. lo aaf case, tfterc it i 
a lalirii leadeacr ta flattca aai soaotl tic sirfacc U a aaiffoia Biaocr 

Alia aatcrlals caricotlf ased ii caareatleaat later tetdiac piatcfi 
cs arc tied prinirilr fat cerratioa fcsittiacc. Tilt Itnited applicitio 
a af tbc caarcetiatai tccliaiofj if adc^oatc siacc tic latier libes (io 
ffbici caafcatiaaal liici tcldi&i accirs) ate tot cxpatcd tt tbc abiitiaa 

al tbc tfpci al niteiiilt biadled If plaslicatiag biirtls. 

TIcrc if aiia a aecd lo aalc sacb dcvicct taallct tbaa tbc itaaiifd 

cCDecreiti tiict tot a?ai1able. lo particilar. barrel 1.9/ i ii sail! 
ai 14 1119 (I. SSI iacb) arc iscd lor plasttcitiag batrclf. Tbat, appropri 
ate tcUiaf dcvicct arc Deccisaxy t« clad ar Ittc Ibe titcrier ef tbe pi 
atlicatiag baffclt*. CoafcttUeal lataliog tcldiog deficcs aperite eatir 
cl| ftss oic cad it Ibc ttbc bciig liacd or veldcd. Ccatcqacfit ty . iiic i 
cdaclsea far ascb tcldiag dcriccs \$ tcrerelr liiitcd. Tbii \i pariUal 
irl7 trtc tiace tbc tddlBg bead cait iacladc all aaciliarr lerricet, at 

veil ti tkc bearitgs. This cotirc sttactare if fed iita tbc take l« be 

Yeldcd Ires ooly aae tide af tbc labc. As a retail, tiic rcJactica of 
tkc afcfall fcldiag apparalai is rcrf prableBattcal • aad ciaoat accanBoi 
ate lanc taallcr sitet ttcd for piisticitiag barrcli. 

Accordiagtf, tberc it a oeed lor a tyitea capable tl addresitoi ibc 

siaallcr liiet of plitticaliag bariell. aad to proride laootb, otifora i 
fttcr liaiaft to cicb pUtticitiag baMcls. 01 aecessitr. ltd a sfttea 
fill bare to be ficxible, aad capable of asiag a oaober of diflcrcal tec 
baiqacf ta predace at aptiaan piodact at iciiaaabic coils. 
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It is voe cljict Gf tbe ftttttt iovefitigi lo ^fifiie t sjstCB l«r I 
iiiil liftct «r an iaterior nrficc flat fitcrcases tic ifavbtcli af tbe 
CDiiciltcaal lit. 

It ft laatber Bbjcct cf the prcuat carcitioo t« piotidc i sfstca I 
Of iiiHt diancters (t.O.) tkat ii safficiiatlj rieiUlc sc tbit i vide 
firtctr af fabf liies aad cladliaf eatcriils caa be accoraodaled. 

It it a tirtber abject ol tbe pres'est iofeaiiaa ta pravide a Sfirea 
far liaiof lasidc diaaetefi af label capable ol accesaadatiai mailer I 
.D. aiicc tbaa ii ciruatlf paatiblc vitb coafcatiasal tccbaiqiea aad a? 
itcas. 

It if aa additieaal abiect ol tic prcacat tarcaliaa te frafide a mj 
aica lor lisia; iftsiic dtaaelers ol tabes ia obicb a oore ooifeia liaiaf 
caa be acbieied tiai it paisible vitb ciisiiof veUiaf tecbaiioes. 

It ii afaii a firtler object of the prescst isteatlaa la piofidc a 
lyitea for liaiig of 1.0/ 8 to vbicb a laiotliai afcot opcratci ii a aii 
font oaiocr aa cacb af tbe veldi coaitilatiaf lie claddiaf al tbe plaitt 
CitiBf lariel. 

It is still aaatber abject al tbe pieseit iotcitioQ ta pratide a aj 
ttea far laser-daddiae tbe iaterior al a vctal tabc viereia tie afitea 
is relatitelr sinpic ta let ap coapared ta coetcitioaal iitteaf. 

ft is afaia a fartber ablest al lie freaeit iafcitiaa to praitdc a 
pTeccsi for laiecc laidtof tbe iateiiir af i actal tobe, re^iiiag rcdoc 
ed aperitiof tiat. 

It is still loetler object af tbe pieictft iafeatioe ta preridc a tf 
stes far qaicllr aad casilf rtpairiag tbe lioiog ol octal tabes at lever 
expeaiittres tbaa tbssc iacarrci vitb coorcst ioaa I sisteai. 

It is afaia i faitlcr object af tbe preseat tareatiaB ta profide a 
ifitcfi far liaiaf tbe iitcrioi af tbe ectat tabc b7 laser-veldiaf vberei 



(32) 



^2002-1 



8 tbc cfoffcsKioial flccciiily of a rstatiof liiei Uti it ivoi^ed. 

It is fit aaolfetr obicct ol tic ^reseat iaicattai to irattdc i t|St 
fB fof Itoioe a oiclal tibe ostai litci tcliiac ia vhtcb aoftneat ol tic 
fcldiac bead if rciaiied aalr atoaf tic aiis of tbc tibc bciag veiled. 

It is aeais a ffortbcr object aC tbc ^reseat iafcattao ta liic a sict 
si talc aslaf Isier vctdiaf ta tbicb sa sali-sbiasitc Batcriai ii tddcd 
so tbit tbc aati-alrasifc aitcrial fceaias flialfsrsly distribotcd it tic 
lascr-veidcd claddloK- 

It is fct saotlcf obicci of tie Mcscot iafcotloa ta piofidi a aooo 
tbcr, pre- BacbiacI veld tbat is obtaiaallc froB coaicatioasl vcldtag tc 
cbaifacs. ia parttcalar, MIfi lad TIC BClladS. 

it Is fCt saatbcT abject al tbc ptctcot iivcatio* to protidc • adb 
od ef aaifafBly fiecostiac as aceartte aceaat af Baterial aa as iatcriar 
ssrface ta facilitate veldiof apcrstiaos tbcrcaa. 

It if still a lartbcr abject of tic ^reseat laTcetiaa to proiide a 
systca of piecitely placiag a SBifaiB paltcra af aati-alrisiTC aaterial 
ia a weld bcU vitboat Bcltiag or otbcivisc dcgradiog tbe aati-abiasirc 
Baterial. 

It is jet aaotlcr object af tbc" pictcal iaraatiaa to facilitate fas 
tcf. prc-vcid let ap af plaiticatiof barrels. 

TIctc and atber ggalt aad obiccts of tic prcseat tsfcotiea are acbi 
efcd ly a plasticatiag barrel adapted far asc aiti eitrided aaltea plast 
ic. T&c barrel iacladcs a labitrate canpased af a first aetallic aatcri 
al aal a liaer ceapased ol i secoad aetain'e Baterial. Tie Isacr is fab 
ricated l| laser vcldiag ta acltete a labstiat ial 1; aaiiara daddisg aae 
r tic cQlire diastter of tbe barrel. Tie liaer is foracd ta lave ao ios 
ide diameter of less tkao IS oa ai fiaitled ly laser leldiig. 

la aoallcr cabadiacat ol tie prcseat iafcotiaa, a plasticaiiog barr 
el ta adapted for osc ia extfadtog aalteo plastic, aad iacladcs a sobstr 
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ate ef a fiist ntctilHc •iKtiat aid a liaei if a icctai sctillic saUii 
a!. Tic liter if farscd bf laser vcUiag el tbe ircoad aeUltic satrii 
Ditettil t« cli< tkc ialeitif •! tie band. Aa aati-abraa ite tafcr if 
foinrd af a tbird anteiial contatttioa aad ia aaiUiBlr arraa|«« la asoie 
Ited farn tbroifbael tic actallic safcrix. 

Aaatbcr caiboii&cot if caostilaled b? a srstta foi laaer-veldiag a I 
iaiof la lie iotcftot af a ficUl laic. Tie srstca iaelalci a laecr tell 
ill leal airaaied la cater tic dttal libc fiao a first ead af tic actal 
talc Tbe antes alio Iodides lixiltirr c^iifatDt arraafci la cotcr tb 
c metal talc froa tbe iceaoi cad al tbit actal libe. 

Is fct aa adiitiaaa! cilaiieeat al tie yrtseit iticatioi. a iritia 
for liaiof a aetai tibc bj Uacr-vcid claNiif li praiidcd lo iaclide a 
liter aiitiag optic bead. Alto iacliici is a dcrice far lalliaf tbe ceta 
I tale io a larisiotal yaiitioa sad lotatiaf tic talc abait a baritaatal 
Ills. Aictlcr defice is ascd lo pasittoa tie User aisiag cplic bead a 
e tbtt fcldif iliajs talcs flicc ia a siifle dtreclioi. A caatrotler c 
oordiaatct tic letattoail aoTCScat of tbe aetai tabe aid tbe aperatioa o 
f tbe liaer ainifif optic lead. 

It it stilt a fartlcr eiibatfiBea^t of tic prescst iiteitiao a syttcii 
is proTideri fcr liaiag aa iaicrior sirfacc Tie ifsien iaclidcf a liser 
lifltag optica Icitf aol a ■ccbiaisii for aeldiaf/claldag ao tbe battio a 
arfaces tlcrebp appipiag graritj ta create a scries if snaotl aotfoea vc 
Ids tiat ciQStttatc tbe liaiag af tbe oetil tibe. 

Tct aaotber enbadiaeal af ibc piefcat lafcatiaa iacladct a gfateoi f 
or lioiag a actil tobe bi iaser-wcldiog. tfbc syitca iacladcs a laser a 
oaicc arraagcd to cait laacr ligbt lata a first cad af the aelil tabe. T 
be arftea also isclodci a laaer aiaiag aplics bead arraagcd lo deflect I 
tgbt fraa tbe laaer aoarcct aad arraagcd la cilcr tbe netal tabc at i le 
caad cad. 
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Yet SI tdiiti«e>l ti^tcl <t tie prescit ittettiio ioclslei a lyflco 
for liiiof I netsl tobc b] lisci vcldiig. Tic irstca i&elilc! a laser 
iiaiQf apt'ics lead ariaaged to icflict lasci Hfbt catciiog tie atlal tt 
be It the fifit col ol tie aetal tibc. Tic User ainiaf optic! letd ii 
lotitcabli aoBoted ao arraaftd to eater tic aetal lale at a leeood cod o 
I tic aetal tale. 

Aaotlei aspect -of tie preocit iaTCBtiiB is aa.iifested If a actlod o. 

r Htiif a aetal tola hj laser tcHiog. Tie pieccss iacitdei tie step of 
airaogtag the acta! tale io a borisoatal pisitiao. iext a liser lisiig 
optics lead is placed la tie aetal tile. Tbca i series of laser velds 

are carried oat is i single directieo vbile rataliog the aetal tabe aad 

aoritg tic laser aiaiog optics bead to a siagle dircclioi aloag tbc acta 

1 tibc. 

Agaio aDitber aspect of tic preseot iarcotiflo ts i sctlod ol lliiig 
a aetal tale kj laser-veldtog, viere the octbod laclides the steps of p 
Itctog 0 laser aiaiag aptici lead ia tie aetal tale at a first cad ef tl 
at tabe. TIcd, laser Hgit is trsotaitte^ fioa a.sccoad cod of tie acta 
1 tslc to be deflected br tie laser aioiof optics bead toeffect laset t 
eldiog io tic aetal tale. 

Tet aa addilieaal aspect of the prcscat iatcittai ts a aetlod of cl 
addisg ao iateiisf sirface If laser areldiig. Tic aetlod iaclader the fi 
rit step if ariaagioi i laser ^aiaiag optics lead to opeiate io a prelete 
raised patters aloog Ike laterior sirfacc to create a scries of leld ael 
tt. EacI of tic veld aelts las a viraer leatiBg porllos aad a cooler tr 
ailiag portiia. Tleot as soti'ibrasitc aat^rial it added to tie trailio 
g portiee of each of tie weld aelts. Ai a restlt the aitt* alrasirc aal 
eiial if ladegraded aad aaiforaly distrihated tiroigh each of the veld a 
cits. 

Aa addittooal aspect of tic preseot ioeeotioo is aaotlested b| o 9 
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lisiicatioc (iir«l aiipttd for tic if iiiniiif aoltei plaitic. Tie bar 
rd is 9I a first actallic aatcfiai, lad is proTidcd vitk a laser clad 1 
iiiQf «r a sccaai attallic laatcrial. Tbi secaad aaterial is a stiitirc a 
f aicltl aod cliaaiaia. 

Slill ai sdditiaial aspcci el tie priseat iotcatios is a eetftad «f 
liaiof a Isbc iaclaliog a firsi step of iasefliBf a slartf ioU tic tibc 
. A slani iociidcs liaer Bstcrial. Tbea the tabe it ceBififacaMf cai- 
t 10 fofB a sBiioia laid coaliig of tbe slorry to albcre to tie iosidc d 
isactcf of tie labc. T%ea laser vetdiaf is carried oat od tbe csalisf t 
0 fora tbe fiiiabcd setallic liiisg. 
3. Detailed Seicii|tioa of tic Ficferred Eailod isieats 

Tie liist eaboiisieDt ol tic prescit isieatiao is depicted is Fifare 1 
. fcUiof leal 7 iacladcs tto sajor ciapooc&ts as iepictcd ia tlis fifa 
rc. laser siaiag optics I veldiog lead, aai as aaxiltarf sfstea. Tbele 
arc Boasted ia bossisfs S aad 7. respectiielf. BotI beesisfs are platel 

vitliD a aclal tibe 01 barrel 1, ii vlici 1 lioiig ii tt be fabricated 
br lasei-veUel claidia|. for tbe Sake of siaplicitj. tbe olbcr vsll of 

tsbc t ii set sboia ia Figaro 1. 
Tbe Jater ataiig optics I of tie laser teldiog bead 7 are tse< to lir 
ect later beaa 2 to a poial 3 it thicb a veld is to be placed to fsrs tl 
e liiiag Id tale I. Tie aiainf optics 4 iaclidct a leas systea ae4 a re 
flectiag airror Tie aiaiog optics are cootaiaed vitbto a tepport str 
acttte (. aad caa eitber be atlaclei ta tie aaiiiiary systea 01 separate 
d ticrelroa. For eianple, tbe asiiliar; tfitea cao be separated Iisd tl 
e liter ataiag aptics boaitag ( aid placed i\i a icpinte boastag B. Dif 
fereat coal igetatiois for scpsrstlog tie tvo hoatiags aad ticlr coapoaca 
tt CIO be ased vitbis tbe scope ol tbe presest iaTeetios. 

Tbe aiailiatf tyttea is aosated ii itt oto lottiag or sspport stiocta 
re S, sod iaclades a varietj ol diffcreot eleacots. Esaaplea of sacb el 
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cflCBis art ci^litf icvtcc 9. s gas sipptr coa^sit t0; lad, t fecdiag oec 
baaifft 11. vlUl scrTtt tc piofidc claddiaf nattrUl to tht wcW poiot I 
. Aa optical ifitoii I! cao Ic added lo tiat tbt claractorittict of tic 
felds aad the ptoftcit of Xht ifldioi pfoctiB cao ht prapcily aaoitored. 

Boll tic aosiliary iislea loaatai 8 aod the User aifiiac opttes loisi 
Of € cao le lapportcd br beariift (oot slovo) flat tciTe at aa ioteifacc 
letweeo tic loaitigs 6.8 aod tie. seta 1 tolc 1. A torietj of difleicat 
tappoil seclaoiiat arc ataiUlle aod are gtoeiallf veil looto lo tie eoo 
reatioaai act. 

ft*9:QBC adiaolofe of icparatiag tbe boofiof S lor tke loxiliarj iiitco f 
roB tbe looilag I for tbe laser ainiog optica is tbat ibete tto ecopooco 
ts coa be iaicrted lots actal tobc I fioa oppoiile eodf of the talc. Tb 
c idTiatagc of tlis is tiat tic two conpoacats aod tiree looiiagc cao le 

aade aocb loallcr ibaa eoBTCDtioBal ffsleai, accooneditiag aacb soallcr 

later diasctert lot tie acta! talcs, lacl at plasticatiaf barrels, la 
particilar. tic siaallesl talc sites that cao be accosBCdated bf ezistlof 

ceifcaticeai srileni is approilBatcly 19 u far tbe ioaer discctei if I 
be tilt, after it bit leca Itocd. Tie picseit tofcotioo cao accouodale 

iaicf diaocter IS taail is» or cics less thao 14 as. 
Tie BSC of tvi scpaiatc ttracttres for tic BBziiiaTf tfstca aod tic I 
iser aiaiag optics stte piodocet a bbcI liglcr le?c! of fiexililit} tloi 

is fciid «itb cftOTcatioaai sy^stens. As a rctolt, a wide lariety of cot 
figiratioat. os depicted io Figircs 2(a) iid 1(a) are possible. Hcvcicr 
, tic prcicol iofcotioi is oot liatted to tie ealodificati depicted io tl 
esc too Pif&res lit idnits to cioy oiler tsMatioos aad cqiiralcati that 

TOiid iccar to ooe sillied io tlia tecloslogf, mce lariog beea taiglt 
tie preseat iorcotioa. 

Ii additieiil adraotacc litb tbe leparate ledsccd site stractares coo 
tateioe tie lOisliarT SfStea aod tie Usei aiaisg optics 4.8. is tbat id 
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iitiooti loxiliarj Icriccf cas b< iddcd to eitbci Ibe asxiliiif sfttta b 
oiiisf i «f tb( laser lioiBf eptict bessiQi 6. Ooc eaioyU is id idiiti 
•lal Bitcriil feed (oot tbsfo) tbit cid be iicd lo add tili-abiisiie aal 
eriiU, ficb ai netal catbides, lo Ibe ooltea vrld Batcriil or oatrii. 
Sack Biterials cti link deep iiti tie aoltea weld Batni lesteolag tbc ? 
tloe of Ibe aati^abrasife panicles, fiotefer, vitb tic flciibitili pior 
idcd b| lie preseat iarcatiao, aat i-abrat if e nilcrial caa be led to Ibe 
feld cell sa tiat tie aat i*abf asife aateriti it added lo a paiticsiar pa 
ft of tbc oaltco weld B'atTii. Ai a resalt tbc aiti^-abialire panicles v 
III aaiotaia tkeir iotcgritf, aod operjtc efficieollf. 

As dcfioed io Fifore S, the iaser veil celt 19 fill biie a lortird oc 
Itiag portioo 53 ibicb is at a higher teopeiatiie tbao a Iriiiioi portio 
I S4. The aoti' abratiie saterial SZ ta added te ibe coalei tiailing po 
riiaa M of the Boltca weld Batcrial SC to that tbc aol i-abiai ite Bateri 
i1 tcods aot lo go ifito tolattes vitb tbc ottrix aatcrial 11. Siace Ibe 
aati-abrasifc Bateriali S2 arc added oa tie tritlisg side $4 of tie weld 
Belt $0, these ■itcitals arc aot degraded bj Ibe iasei beas 2. Cooseqa 
eatlj, there is o« teadeacf lor tbes to Belt tato the solatioo titb tie 
VcH paddle, lather, the aati-abraf^'ife partietcs $2 Baiataio Ibcir ortg 
iaal iategrttr so that tbtf caa be diilrtlated crca thioa|hoal the veld 
paddle SO. As soch. the aoti-alrasift Baterial fasetloos far soft eftic 
icotif tbao vitb cooioatloaal SfitcBS. 

lecaese the tvo loasiafs. S aod I, i eipecti telf , arc bciag led froB d 
iffcfcat eads of tale !• additioaal devtcct (aacb ai the fecdci for aati 
-ahrasioB oateiials) aie casili oitlio Ihc rapabilil; of the piescal ta? 
cotioa vbile Still Batataiaieg Ibe capabtltty of liaiag label or crca if 
regain tarfaces less tbaa IS bb of ioaer diaBctei. 

Figarc 1 depicts tbc pfcferted posttioaiag of the laici aisiag oplica 
1,1 for veldiag ia aiolkcr preferred eBbodiaeot of tbc pteseot iotcolie 
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8. The feU p«iit } \% ilvayi It tie laoe postftoo ictpect to lori 
leeul iQd icrlicil erieotatiot of lobe 1. For tli! to occor, tbt User 

I il ilfifi itaed It the eiae potitioi, lol tie tibe I ii rttited. Til 
e 1 cai be letttc^ iloit a boiizoitil aiis 20 by rolleri II, at depicted 

io riiiiei 2(b) iBd 4(b). Hotefer. otier biodliag Beelatisif (ai be ai 
cd to rotate tobc 1. A coitroliei (oot tlowa) is o«ed to coordioite tbe 

rotitieail oareoeot of itbc t aad tie opeiatioi of later beaoi I to cffc 
ct tie later- weld claddtaf tbat till coistitotc tic liaer of tobc I. S 
Qcl cootroNero are already tell^looTO io the coofeatioial tecbooiogy ai 
d oeed 80 fartber claboratioa for poipotes of eiplaioiof tie preseat iot 
eatiiB. 

Tie later-veld claddiof gcaciatcd al poiot 3 and caeflilotiaf tie lie 
isbcd lioer (alova as SI ia Figire 5). of tibe I i$ eipecially snootb dae 
te lootber cliraclerntlc of tic preieat iofeattoi. Sioce veld ) alvay 
s «c(ort at Ibc lovcst poiat of a boiixeotilly level lobe I, frailty ser 
fes to SBBotI eaci veil, sabiag cacb veld, aad tie reseltiag Hoer St, f 
ar KBOOtber tiaa it foaad viti cooveolioBal teclniqoei. la pirticalar. 
tbf fioisbea aclteied vitb tbe preieol iaveatioa before aacbiaiog tic fi 
ail ptodact, lai SBOOtlacss filiations el betveeo .Ql( lad .09S locbet. 
Fortler, tbe prcieot iaveatioo is ciMlfe of atbieviag evea laallei lao 
otlfieii ffatiatioia. 

Tic iornai operatioB of tbe^protcst laToatioa if tie creatioo of tic 
folded claddiof (SI to Figorc 5) it a spiral or Iclical coal if aratioo. 
Tlis spital cosligirattoa il created by tbe rotatioa of ttbe 1 aid the o 
oreaest of tie tobc aloag a borisoatal aiii*fty tic laser aiaiag aptics d 
. Tie coordioalioa of tbcic tvo BOTeaeata ia also coordioatcd by tbe co 
ftiolicr (aot sbova). Tbe pregraooiBg af tie coatrallcr ta effect tbe s 
piiil ibaped veld patteio tbat altisately coiititatca tbe lioer of tobc 
1 eaa be provided by itasdard profroBaiag tecbatiaei, aod aeeds bo fortb 
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ft clileratloi fif pir^otes of iidcictiodiBi Ike picsffit iBTctticB. 

[q tbt alteioiliTC, tic laicr liaiBf iM^cs Ivvs'ui ( ii>' Ike aiiilta 
r| efatpBcal keatiaf B eai be aeiated ao lied It tad nered tbraifb Ike t 
oke 1 isiaf liacar oetiofl Sfstca 25 as depiclcd ii Pifares !(a) aad 4(i} 
. Tkc eperiliao if tbc liacar ■ctiaa iitUn 2$ li coiidiaate viib Ike « 
cldiag aperatioa tcfitrci aa apctial czpcitiac btfcid skill aluadjf arai 
iakle 11 Ibii tcckaalOf?. If tbc Itier aieiif apttcs koifiif $ is sat c 
OiBCCtei to aaxUiarj ijstto baaiiai 8, aa addltioni liacar attioo sfst 
ea vil! be aecessarf la' sere tie aaxiliarj tyslcs keesia{ 8 ib csardisit 
iao vitk ibe Dateacot at Ibe hiei aisiBg eptics koisiag I. Tkts toaU 
iacax idditiODal coa|lcxit| aad cxpeasc. 

Tkii dtavback caa be rcBcdicd kf Ibe aiiasgCBeit of Fisare 4(t}, la « 
kick Ike aaii i i Off .sjstcB ia caataiQcd titbta atitilf cxtcosioa take M, 

aod is cooaccted lo Ike Icot ifstefi aad caatlitatcd b; rilaltag airror 
II. Tie later keaa I it fed fren tkc oppesitc cod of labc i froc liser 
sisUf optics 41 aad tie aasitiarj sjstcs. Is tbc cabadtBCOt of Fifarc 
4(a) the tetatiaf siirar 41 aad tic aaxiltarj sitteBi arc soppoilcd vitk 
ia tabs I br sled It. Id this cokodiBcat, ike idfaatagct of tkc preseat 

iBTcotioB aie rctaiicl siacc tie laser brafl t ia eaterioi tabc I al the 

opposite ead froa tke rotatfoe airror 41 aad aixiliarr srsteas ta tkc t 
ake» k rttilioD ffstea far tbc tibc 24 is aeeeisarf. adding additioaal 
coeplcxitj aad cxpeasc aot foaad ia atkcr eakediaeatt of Ike preseat ios 
catioB. Firlker, cooidiaatioa betwcei tie liacar aetiao of tkc Ifslca (a 
t coatrollcd kj coatiellcr 2S) aad tke ratatioo of tke lobe 24 (at coatr 
oiled kj coatrolier 43) adds still aa iddiliooil Ictcl of coaplexitr ta 
tkc ptcseot iafcatioa. 

Tilt is jaslified br tke preferred asc of tbis particalar cabodiacBt, 

apat fcldiag at tke lake 1 iatcriof fai repair parposel. IT carrfiag a 
at lacl a praceas, il viti aat kc Bccessaii to |o tkiaaib tke cxpeasc af 
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riliisBg II ill er voro tile 1. Kithcr, tie von ireis cotll be filled 
vitfc diddiof lid saootled to tic ciiftiig Ititif. TIcrcbr. He ciMis 
c if tic idditioial costroiUri, iicl i« liieit aitiis/tilc lolitioo iit 
cilicc 4). voild be jittlfifd. Acciriioglj. tie cipcBie if crcatiig la 
citireir icff tiiiog aad/er le-BicliitQf ii ctttrc liilig voild Ic afoide 
d foi tie iiicf-clai aad rtiffcattioii lioefs If tic rifirc l(a] caloiinc 
at of, tie preseot iafeatiia. 

Fifiie deficts aactlcr ealodiiieat of tic prcseot iafcntioa. As 
viti tic calodiaeit ef Tiiarc 4(a). tic prcscst caledificet vies boti cod 
a of tale i to dcploj tie liief vcldiof systCB. Htwtrcr« a greatct dcfi 
ec of aiaplicity li aclieted tltoigl tic oce of cbiiciI sirror 23 vbicb 
deflect! laser lem 2 iati ailtlplc direcliois. fiti tbis ealediofot, t 
dtftioi of eitlcr tilc I or itililf citceifoi tibc 21 (itticlcd to tic c 
oatcal lirroi 21) aij itill le accessarj to carry oat tic leldiag oo tic 
cotirc iiterior of lole I. 

Gicstcr cofcfafc of tie veld area, aid Ibi8. a fattei vcldiof proccit 
CIO be oltiiocd If tic Pigirc 2(a) cnbodiBcit. Tlit eflbodiBcot iscs a 
coiieal nirio/ 23 is depicted io Figifc 3(i). Tie ciiieil ■iinr ii irr 
ai£e# to direct- laa'cf ligit aotforafr to a prcdetcrBiied area of tie iot 
crioi of tolc (1). Tie coatcol airxor is adjastibic so Hat tie llipe i 
ad locitiio of odd site ) caa be easilj Tiricd If ■ofisg tic aiirai oi 
aljcttiig tie site aid slipc of the airror. Tfaii lariatioB ia tic veld 
area ii depicted ia Figne 3(b). Eoverer. tie site aid ibape of tie vcl 
d area are aot liaitcd to tiat depicted io Fifare ](b). 

latler, aay cooler oi rarictf of airror sites aad ilipcs cio Ic iscd 
to direct tie lisci Icaa I ta a specific paial at tic ioterior of tale I 
(or as; otber shape of iolcrioi sirftcc), ood tbc adiastabi It ty of loll 
airior aisc aad slapc easilf facititates coorerliog tbc vcldiag ajitca 
ffoa ooe talc siic to aaotler. Faitler, vlile tie lasci bcaa 2 is doost 
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-sbipca II tie ctiB^lc of Figtfc 3(«}, tic laitr Icio cii be cesfifortd 
ii til aiittti ittJkti ippropriite for lie 4ciirc4 wtH coif igarat i«t. Acc 
ordiogli, ao| fixe oi sbipe of Ibc airior cai ilii be ntti to facilitite 

a dtsitel well patten, or otbcf laser-tell claracleriatict. 

Of pirticilat toterest is a airrof' cool if oratiao (est abois) tiat iir 
ccts tbe veU site t to be citlcT «ell*for«afd of tbe airror, or vcll-be 
Itid tbe'airror. Sacb ao arfaifcacot is eficctifc to leep Ibe tell lite 

3 otai ffon tbe nirror, tbcrcbf ifoidisg iiaace to tbe airror froa tie 
beat of tie vcidioi ti aof bipfodicts af lie vcldiof. 

Tie ISC of tie adiostabit coiicol aitror is depicted ii tbe exaaple o 
r Fiforc S(o} facilitates aotti-directiooal vcldiag of tbe iooer diaaete 
r of tole 1* Till arfaaieaeat caa also facilitate oaoidircct itail veHi 
Of ai veil. Tlii peraits a ascb faster laser-teldiof aperatioa. Tbts c 
alodiaett, lile tie other ealediacits of Ibe preseat iafoatioo. also pro 
fides a aaootber. aorc aolfora, "lear act slope" sirface resaltlof fro 
a tbe weldieg procesi. As i resolt, if tcr*veldtif aiclioiof opcratiaos 
are aicl rcdaccd, Iberebp icdaciag tie costs aod lie tiae expeaditarc of 

tie oftrill liaiaf aperatioa. 

Aa| sbiped sirror arrasieoeDt if ^as i 1 r Boaolcd oa tie aexiliarj fabe 

23 depicted ia Figare 2(i). Tie rcKatioasbip letteea lie airror (cooic 

« 

al oirrir Z3, ii depicted id Fifsrc Id) ted tic aaiilinr lobe 23, vbic 
I coitatoi all of tit iaxiliir|> efiipacat prcfioaSlT discsssed, cao be a 
rriofed to facilitate a particaisr veld site (or series of weH sites) v 
ill respect to Ibe positioa of lie airror. ' Accordiof ir* as additiooal a 
sped of tic preseat iefeatioo, iocreaaed frexibilitf otcr tIat of conre 
atioaal SfSteas. is acbiered. 

Wlilc llere are oisy atftaatafei pratided hf tie forefoiag cBlodiacots 
ol tie preseat iateatiae, tierc ire still otbci iBpioftocots llat cio b 
e aade. For eiaaple» deliterioi a tire to tie teU site is eftco problc 
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Bitit, fsp«clilly vbci the nifc tntcll aorc lhai i f<« icet. Wfcco tie 
fife coitaiot bird Biteriils* lie virc if itiff tni pieotd lo kill 9t Ir 
cal difiig fcidlDf. Ooe aetbii of iddressisf Ibis prillta is to ose Sfe 
cisi liicfi to rcdice tie frictioo of tb< «iii aloof tie foei oitl* Bov 
etcr, vIcB lie wire bicols, lard oatcrisis of the wire coottaiiatc the I 
ioer, caisiir alditioaal pTOblcBS. Aiotlcr oololioa is to tsc tvo icpar 
ate vire fccders, ooe at tic tiic roll aid lie olber. aear tie ve.Hiig le 
ad, or aixiliar^ head. Uofortooatclf, it is olteo tcrf diflicalt to fit 
a fire feed iota a soall pUtticatiBf barrel. As a rosalt. tie ase of 
Tire feeds (boti foi tie aitrii aaterisl lod tic aol i-abrasive oatcfial) 
BIT liait tbt adraatifet of tie prcscot iofcatioa viti regard to tic to 
le siics tiat caa be iioed. 

Oae aolatiofl to lo delirer tbe povdcr at as aagle aaci tIat gratitf m 
ar assiat tie dtltferf of tic powder siei loog distaoces. Tie Bttal tab 
c cao be placed eo ao tacliac for wcldtag so tIat tic powder will feed r 
cliably. SowcTcr, tbcre arc ccitaia probleas talcreDt to tito approacl. 

Ofleo, tie aiaofactariag facility aiit le Bidified litb greater ceilis 
g Icigbt ta accosBodste tbe added Icigit of tie iscliacd wcNiig aocliic 
. Tlio ifraagcBcat alsa iacieiscs tbe cast of tic vcldiog Bacliie. Fore 
ler, tie operiter waiU lafc greitcr difficilti obscfviag aid aatipglati 
eg tie weld piece lo Ic icldcd. Also, by iaclioiag \U tibe ti be rcalt 
gscd, aoBc of tie adrantagei of^ tbe pre? iossly-desci ibcd cabodiaeats of 
tie prcicflt iiTcotioa arc lost. 

Tie iastaat cabadiaeat of tie preseot iofcalioa tvercoaei tictc diffi 
Clitics throigl tie piofistoo ot a tlick. tf^a caattof of Biteriil lo tl 
e ioterior of tie aetil tabe or itber ioterior sirface ti be liocd. Tic 
ceitiag caw be applied to any differeot ilapcs aod ittei. aol ioclides 
evcrytlioc leeded for tbe later- weldiog proccsi dcsciibcd litb reiyect 
to tbe preseot ioteotioo. Accordiagly. tic coaling cooUiaa lot! aatri 
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I ■itcrial io4 Uc lird. aatl-ilricivc natcrial rcMiici f«t Ibc fioisb 
liiinf if I pliitictlioi barrel. 

Tbc caatiaf a! tbi piaicol iatratiaB iaclodci a satrtx oaterial. sicb 

as a Dtclil-cbrfluc allof wbicb sertef as a Dctalllc biaicr foi Ibi oicr 
all veld. Tbf bird ait i-abraanc sattrial is alio part af tbc caatUa. 
aal ia aiicd as i patler vUb tbc oatftx oaterial la (ara a paste tblcb 
is escd ta coat tbe iateriar ol tbe mtx%\ tabe. - A be/ aspect at tbe its 
taat eabadiaeit af tbe preseat iiTenticQ is- tbc ise ol titaiiaa dibariie 

(TiBI). It bai been discaeerei tbat tbis aaterial is atie iear*rcsista 
at as a laciof aatetial Ibaa carbides aiied ia tbe sane aictel*cbroBc al 
Uf aetallic biader. 

Baveaer, otbei natertils will voik cqtallf veil vitbio tie eeatest af 

tbe preseat ioreotiaa. Exaaples al sacb aateriah are s laaili of ccri 
aics beafo as "titasiia ceraaics" . Tbese tacUde : titiaiac dibaridc 
(ii is BSed la oae pielcrred eabadiaeal); litaaies dioxide; aod, titaota 
o cirbidc. Pattialli stabtliied tiicaiia if also aicd, aad caa iiclade 
: xircooiaa csibide; lad, sircaoiao diboride. htj e^iiialeai aitciials 
cao be aied as veil, iacUditg diaaotds* Sfalbetic diaaaads or aaf etaiT 
aleat Ibereof. Aay af tbese aiti*abrai i? a oatetiaU aar ar 017 not be n 
etal coated for oae vitb tbe prcscol iiteitioo. tbe ale ai a actal caat 
iaf, ia a veldiaf process ia ased ta redaee tbe paaatbiliti al acllioa t 
be core aot i-abrss if e aaterial. 

Botb tbe aickel'cbraae allor aatriz aaterial aod tbe titaaiaa iiborid 
e aati- abrasiie aaterial are oised tofetber ia povder fori for tbc aeld 
iig process tbat will liae tbe aetal tsbc Under Ibese caaiitions. tbc 
acltiaf ^oial af tbe otckel- cbroae alloy is 1.9501 F. Oa tbe atbei baa 
d, tbe aeltiac paiat of titaaiaa dibaride is 3,I0I9F. Tbe valdiag pracc 
ss cao be coatrolled ia aacb a vay as ta nclt tbc aicbel-cbroae allaTt t 
oiaiog a boad oitb tbe sabitrate aaterial, tbile oat acltiaf tbe titaaia 
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■ libiride aitciiil. Ai « recoil. tU t:tioiiS dtkcride oiteiial rcoaii 
t ledltiolTed aid trealf disiribslcd tlrgiKloit ttc f<li selt vkerc ticf 

veild It Boat cflcctivc. Bcciotc tbc two oitcriils aic loolticd ai a po 
wder. il ii passible le cfCD distribate tbf titaaiaa dib«rUc tbiooibaat 

tic ■iflei-draae allor natriz oatertal. 

Tie fi&e ptvdcr aiitarc of tie picitBt Ufeattoo iacladet i itcoid Ii 
Oder aalcfial tiat is iied to.adlcrc tie povdeis is peiitioa ea tbe iate 
ner of lie nitallic lobe to be clad. Tie sccood biadcr is coapoted of 
tia Batcrials. Tbe fifat is aoc of saoi aatcrials coamoal? oud to sisc 

f loi to veldiBf slid rods, tbe optiaaa oiteiial ased witi tbe iicscat 

iareatioa is sidiia silicate crfstal. peatsbfdratc [M SiS * SI! 0). 
Bowofcr, otbcf aiatctials nacd to glac llai lo vcldiof slid vods caa ala 
a be lied lot arc eapected ta Ic cfftcatieot daa tic lodiaa silicaU tr 
yilal. pcatahjdratc. Tbe sccoad pait of tbe sccoad liodet is a wetttai 
agcat till is aicd lo coaveit the piider mizlare iota a selilies viti a 
actallic ■airix aod tilaaan diboridc powders ia aispessiea. Water las I 
ceo fsaed ti le ideqoile for pirpiscs of tbe prescot tofcatioo. BaicTei 
» otier fclliag ageats cao be tied. 

. Tie eleaeols aaliog op lie coaliag arc origiially fliicd as povdcri, 4 
ad a varfiog pcrceilagc af cad coBpooeat caa be ased. il it ootcd tbat 

dc grcitfi tic pcfccfltige af bird, isii-alrasifc Baterisi (sod as TiB 
2), tic aore fcar-resistiot vill Ic the Cioal liocr. Bevevcf. vctdisg e 
f tic coiliig aalcrial is sore difficalt fbci Here it oorc of tic lard, 

aati-abraiife Batcitii. lo coaliail, till a saaller pcrecatafc of lie 
lard. aoti-abraslTc aitcriiL tie teldiag oVeratioi is asd easier bat t 
Ic lisal liiiag is less vcir-rcsiitaat. A tjpical coapasitioa ly pcrcca 
tagc of tcifit is as fallovs : aide I'draoiia aalrii pavder 40,dSX; tit 
loiiB diolride aal t^alras if c povder, aod, a water lolitiia of sodts 

■ lilicalc, 10%. Hevcfcr. olbcr pcrccolafci caa Ic ased Sicccitfallj «t 
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tlio tb« €«Bccpt ol tbr prcsctt jofciti«Q. 

WIco tl€ viter folitioi «f fiitn lilicitt pcotabjdrati (is2St3r SH!€ 
) is Bixcd vitk tic potleri tf Ibc otcbrl-cbioiiiiii oitrii tol tbc titati 
IS ailoridt. a tiarrr ti farod. Dsaally Ibc aiilarc ol ladlaB silicate 

crysial ptatabrdrate (RatSiSt $H20} is siici vilb ilc vatcj ia a ralia 
te sat ta tvcatr br teifbt. Tie anoast •! Hfaii hiuitt (tic sodiis 
catc cffstalt peatabflritc aad vater) liiti lo Ibe atitiie of oitrii aid 

aat i-abraiifc natcriil pevdeis detcroiaca bow tct tbc ceatiag is laiiaf 

tic applicattaa ta tic'sabstiate 1. la aioc ai nagcacsts, sac part liq 
ttd bioder ta laar paftt al tbe satrit aad aat i-abiaiioa patlcrt aa prai 
idcd Ibc dcsiicl rcialtt. Havcfcr, atbcr Biitaie pcrccatagcs caa be asc 
d tQ carrf ost tbc goili aid abjccts af tbe prcical iarcDtiea. 

Ifi tic si«flcst cBbadtBcat, tbc afircBCSt iaacd sliirj it panned* poai 
tt (at added ia aaj apprapriilc eaaact) ista baifcl I aid aaatpiiitcd (i 
0 aof oiaatr tbit cao iicccsflQllr naic tic ilarrf vitbio libc I) prctei 
abiT to a tbicbacss al appf ex isiteif iatbcs ia tbiclicif. Tlii tl 

ickacss of stari; ia lie picrioailj describei pcrccotigc of tie coBpeoea 
t aatcrials Till rtaiii is positiat ac tbc iatcriat al Ibc talc Bttbeet 
naaiag devo tcrtical iirfaces al tbc talc. It cbeald be ladcrttoad tbi 
t diffcrcal pcrccatagcs of tic slarry ciBpiacats caa be aicd to abtaia d 
iffcrcal caatiag tliclacsscs as is apfrapriate for difftreat siics aad i 
bipcs dI latcfier iirfaccs ta be caatcd. Far ciaBptc, large flit laifac 
ci Bay rciiirc differcol pcfccolagcc ef tbe cospOBcats ceaititotlog tbc 
slorry aad dilfereit tbickacsscs. Oticr ttteriar sarlacc ibapci Bar tea 
aire dilfcfcat tbicbaeites aad sloirr ciipisltiaos. Wbile tbe afarencat 
iaacd coBpoaeots bate bcca oeotiaaed as optiBCB fat sUtry sled aa atcci 

plastlcatiag barrels. e^aiTaleat aatertal! caa also be aied. aad aaf pi 
Ofc to be BDic eflecllfe till atbci iateriar sbapei cosstitatcd br atbet 

tipei af Batcrials. k leg lactar io acbiciiaf a saaaib caaltog al tbc a 
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fcTCBcitietcd sUrt? la tbi iilcri«r of 9 sttil biircl is coiitUoU4 bi 
lU M9CCtt of spiotiof lit lirrcl iid baliog tbe slirrj ofttc tbc ielci 
ior liificc of tic litrel 11 a cioicr liatlar to coofeotieial ccBtiifafi 
1 ballag yroceises. Tbe dilfeteacc is tie prtseit isftotioa it tbal tbi 
ft%tt or lUffff is bciof baled onto tbc ioterici ol tie steel tib< la a 
rder to adbcrc fttoly aad ereoii to tbc tetcriar af tie tale, la tlii o 
aaaei aabscfacat tcidiaf apcfatioa caa be carried oat Mcb aorc efficiea 
tl|« aad viti better xeialti tiaa caa be obtsiacd bf fecliof laterials t 

0 tbe veld site astag eatler tie laaiiaf caataiaiaE aaxtliarj tjateas. 0 
r tbi boaaiag caaiataiag tie laser aisiag aptics I (ta lifare 1). 

Tic eeatrifafal baliar process aied ia tie preseot iareatioa fcqaircs 

tbat tie ail, tbe larrc! 1 aad lie caaliag be beated to a tcnpcratirc 0 
f approstaateir 611! F. Tie waters etaporatc fion tie coatiig, Icaiieg 
tie rcBaiaiag siitare bird aid firal; attacbcd to tbe btrrel labitritc I 
. ilile a tcBpcrilarc of (OS? P. lai piovco cffectire for stcei plastic 
atiog barrels, itler ioattag aatertals vill bood better at otier teopcri 
tores. Tie laliag teftpcratare cii le lettcto lODIaod 40f!F. This tenpcr 
store will aot degrade tie aetal of plasticatiag birril 1. bat mrelf bs 
lei tic siairr oato tie iatcrior of tic tale. As prcTiaialT iedicated. 
diffeical aatciials to le coated iia| rcffirc dilfereat balifig teapcratof 
cs aod tiDcs 10 carrj cot tic baliag of tie slarii vitbott dc|sadiog tic 

ssbstrate aatcrial oa tltcl lie siirri is bated. 
There are oaaj adtaotigei to prrpariof a talc or asj ieteriir sarfacc 

for Tcldiaf ia tbe aforeaeatioaed ciaaoer. Host iaportaat is tbc elinia 
itioa if tit seed to deliver vcldsof oiteru! to tbc tcU sigit dirtag t 
be vcldiig opeiatiea. Siace tic veldiag satertal is oftea delifcred sia 

I veldtag vire, vctdiog stici or bj iajectioo of a pofdci, sod eooical 
iooal tecbaiqoes caa be proble&at ica I , eipeciallf «itl tales batiag saal 

1 iateioal diaccteri. la aaa^ cases a veidiag slid will Siapll sot fit 
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iito I6c labc. 'FiftUr. leHreiiie i tire it prolUnaticii ties Ibe «i 
ic tiifcU for ii«re tku a f«v feet. Also, *bei tU virc ciolaiii hid 
BiUriili, tbc wires are iltff aad prasei ka lial er treil dariaf tbe fe 
ediag ffoceti. 

Tie afareaeeUoaed eebaiioeet of ceitrlfafal eaitiac a ilarrr aa rbe 
ialciiar al a labe (ar naliaf a ilarry aate Ike ioterior aaiface of aaj 
albci stnckaie to Ic liaed) |reatl| facMttalei lie aae of ollci eabadi 
Beats of tie pieteal iateatioa, liicb re^airo a itractore (lacl at a act 
al tabc) le be ariaaied' ia a bariiaiUI peiitiaa far lie tctdiag eperali 
aa. f( alaald be oiled tiat Ibe baliaf is tbe cestrifagal caittif pioce 
II ii affeets aalf ta Ibe starif, aad rxeatlf facilitiles a cUaa, weldl 
ag iroceii. Tils it die lo tic fad llat tie liktae drifei aat ait tie 
falcr Iraa the slarii so tbat Iberc vill aat be viler preieat la tiparis 
c liriii lie TcHtBf eperatioa. cieatiag idditieatl prableoi. 

Tbe afareaeatiaaed ccilrlfifil baliaf ipcriliaa forlber facilitatei t 
le adfiatageoia isc af a aickel-clraaiaa aatr iz. Tlis ie pirticaUrlf a 
liailageaai id llat tbe aiclel-clioBiaa salrii is ligbty ait i*carfoiire. 

hi a rciilt, lie liacr $1 (Fifire S) tIat is aclieted is Bad tore res 
iataot le lie corioiive nateiials ge'^aerallT laidlcd hj plasticaliag birr 
ell. Firlbcr. lie ast of aide !-cbroai an flair ia ia tie lilir*veUiif ip 
criliai eaa be esed ia etlei tjpei af itrictares tbat are cipeciaUr iia 
ceplible lo cirrasiic aaterials. 

Tbe beaefiii io placiag a tabc ta be Jiaed ia a lorixaatal paiiiias b 
ifc alieadf beee oade appareat. Tlis positiaoieg is facilitated %f lie 
arraofeaeat depicted ia Figare 6. Sappoii rod (9 is arraigcd tbraagi tb 
e ceater of Bctal tabe I. Tie lappail rod serrcs as a aoaatiag sloag vb 
id vcldiag bead 7 is aaied daiiag lie weldtag operaliia. The tabe is sa 
ppirted If sapports !1, vbicb caa be lie saac as tide depicted it Figir 
es 2(a) aad 4(a). Tie sappirt rad (9 is sappaited It sappait sealers 12 
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aai sipforts 61, trfiofed ocir feeder oecbiiiia M. TIcic lecdisf %tth 
loiiBi oierite t« lelp liier lead f tlriogl tie tabc io oidei t« ci 
trf ott tbe veldioi epeiatios described prerisiilf. 

Tbe liter bead 7 cii be ■oiirated ilasg a itatiiBary lappcrt red (0 a 
r caa be liiei tbereta vblle tbe red it soTcd te aad fie tbraagb tobc I. 

Eitber antaCeaeat falU vhbio tbe batic ettoceptt of tbit enbodtiieot 
af .tbe preseat iifcatiaa. Tbe ase of sappert redt ii particalarl; relet 
lol ta tie ealodiseit of Figoic 2(b)» vbUI lict tbe adiaitabie caoical 
airrai SS. Tlis caiicai nirrar. as previoitif detcrtbed, receiiet a daa 
it-sbapei taser beis patlero. tbicl vaald be irra-diated araiad lappoit r 
ed 60 bit foald bate a« eeataet iberevttb. Of coatse, tbe sappart red v 
eold aat be oiefal io tbe eabodiaeat of Fieire 4(a). rbieb aiet a raUti 
IK bcid. Tbe operittta of tbe retittag bead vaiU be bisdered hj a tepf 
art rod 60 pasitae tbere tbroafb. Fartber. tie rod woild iligi titb tbe 

liier btaa (rbicb la tbis eaboliocst is oit i deait-ibipe) tierebr lecc 
ssitatiaf tbe eliatoatiaa af tbe iippart rid ao< tbe ase ot iapport tted 

ffbile eacb off tie preferred eabidiaeats of tit preieit iorcBtioi las 
lecfi directed ti tbe liainf af i steel (or steel alloj) pUsticititi bii 
rel. oticr aetai tabes caa be Hoed asiaf tbe firiais eobodiacets or aai 
eiBbiattiao tbereof of tbe pret ioiilf-describei tifeatioo. Alsa, etbei 

fiiteiiits cai be ii&cd asiof tie tccbDiqars of the preseat iafcatiea ia 

I. 

iiy aafibcr of tariatioas if tbe preferred eaboliaeott ietcribcd bcriia. 
For czaople« aof i^ft of aetallic tobr oa be ised. as lell as plastic 
or ^'Eeriixl* ia tbe tareotife daddiis process. Firtber, tbe liaiai 
aiteriil oeed ait be a aicUl ciroaiaa bleed, latler, otbet aaterials c 
aa be asei as is appropiiale fitb tbe sibitrite. 

Fartber, wlile Ibe preseat iateatioo is particelarly effective lor aa 
iaprored teclaiqie for liaiai tbe netal tibes. atler. aeo-crliidrical, 
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Uteritr iiri»cet eiD Ic liici b| lie leclai^tts «f tbc pteteot iireitic 
a. A Tarictj if difleicit s&ipci tit ippltcibie to tbc liiiii opcritiai 

li Ibc piciett iircotioi. foi ciaopU, a laable- barrel artaigciicar ca 
8 casiif be adireiacd bf laiBiag tbc laict Uti 7 tbiaigb oac barrel hU 

Ibea tie lecaatf. Tbe flat aaifacei (aei skava) csoiectiaf Ibe carvci a 
affacet af tbe tta banelt caa be clad vllb cttler or batb ef tbe veldia 

I aperatiaoa tbat clad eaeb af tbc iva barrels.' Tbe weldiag operatiao c, 
aa be adjaited br pregtaiiBiag tbc coatrcllcr vbicb caetraU tbe BOfCBeat 

af the wcldiig bead, Ibe paiei of tbe iaier tad tbe focostag ol tbe vet 
dial bcac. Socb adjaitseati are witbia tbe capability af tbase ibitled 

II tbis tecbaoiogf. aai caa be adapted to tbe operitios of tbe preteat i 
aveit ita. 

fbtie a itaber ol enbii incots lad rariitUos bare beea oadc bt vay of 
CSaDpie* tbe preieat iiTcotioo it sot to be liaitcd tbciebi. latbcr, t 
be Mcieot itTcatioo abatid be coastriei to iaclodc air aod all noliiica 
tioif, peraitatieat, rariatiioSt adaptatioas aid eabodincDts tbit field 
occii ii ice slillcd it tbia tecbailigj oacc taagbt tbe preseit iorcntio 
0 br tbit applUatioa. Accordiaglf, tbc pietcot iiveitiaa sbiald be cos 
tidered as beiag Itsited lalj hj tbe'' lol lot iag elaini. 
4. Brill Pescriptlifi of tbe Dravlaga 

Tigifc I is a lebeaatic diagrai depictiag Ibc rariias elcaicfitf ia a I 
atcr- tell bead aad aosiliirj ajitco for oac cabidiaeit if tbe pieseal \ 
arcitiia. 

Figaie 2(i) ia a icbeaatic diagrae depictiag a teceod caibediseot of t 
be pieseol iateatiia. * 

Figaic Kb) is lo cod tie* af tie diigraa of Figiie 2(a). 

Figaic 3(i) is a icbcBatic depictiag a rariatiea af tbc cabadiaeal de 
pietcd ia Figarc 2(a) . 

Figaie S(b) is a tide view diagraai depictiag Ibe teld area lesalttog 
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fiQB ooTcaeBt of tbc ctoical oifior of Figiie 3(i). 

figiie Id) IE a fcleaitic ditgrio o\ tic ffcftii iDriBtioi. 
Figire 4(b) is «i cid vtci diairan dcyictiag tbt cmbodiiicat of Figirt 
<(•). 

Figire S is a icleoitic diagiia Uyictiag tbe wcU-nelt aod r«latife 
locatios! of fiatciiit led t« tic veld sclt. 

Figare S is a side lict sckeoatic diigrtia dcpicliag a Sipport STSteei 
for tile to be iiscd aad the Btpport foi tic veliisg cqtipncol to be isc 
i to clad tic interior 'of tic tvo. 

A Sjstcfi aad praccii is pratidcd for claddiag tbe iotcrter of plaftica 
tiag baxrcis or aoj otbci toterioi iirfacc. Tbe claddtig opcratioa atca 
a laser lead tial carries oat a ipiial vcIdiDg «peratioa to create a sb 
ootber liaiog tlia is cipable vitb co&rc&tioaal vetiiog tccbaifses. A a 
Bober of differcat tecbiiiacs caa be aied, iaclodiag tie fie of feediag 
lasci eaergr at oae cad of a tabc to be reflected frao taicr oiaiag opti 
cs iascrtcd tbroagb a secoad cad of tbe tobe. ODtdirectioaal veldiag ca 
0 be ised to foci litatc' giar itr as a soootbiog agcat. fa aaotler cabadi 
aiot oaaidirectioaal veldiag caa be carried eat atiog a ilaped aiiror ao 
d a doaat^abaped later pattero. Tie claddiag opcfatioi cio be siaplifie 
d b]f baktag a coatiag of tbe vcldiog natrii sad aati -abrasive aatcrial e 
lie tbe ieterier of tbe ssifacc to be clad prior to tie veldiag eperatio 
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